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Preface

This report documents CTWALL, a computer program that assesses the
stability of T-type retaining and floodwalls. Funding for the development
of the program and publication of this report was provided to the Informa-
tion Technology Laboratory (ITL), U.S. Army Engineer Waterways Experi-
ment Station (WES), Vicksburg, MS, by the Civil Works Directorate,
Headquarters, U.S. Army Corps of Engineers (HQUSACE), under the
Computer-Aided Structural Engineering (CASE) Project.

Specifications for the program were developed by members of the T-Wall
task group of CASE. Members during development of the program were:

Mr. Byron Bircher, CEMRK-ED-D

Mr. George Henson, CESWT-ED-DT

Mr. Clifford Ford, CESPL-ED-DB

Mr. Scott Snover, SCS

Mr. Tom Wright, CEMRK-ED-DS

Mr. Raymond Vaselka, CESWD-ED-TS
" Mr. Donald Dressler, CECW-ED

Mr. Lucian Guthrie, CECW-ED

Mr. Bill Price, WES

Mr. Mike Pace, WES

The computer program and user’s guide were written by Mr. Michael E.
Pace, Computer-Aided Engineering Division (CAED), ITL, WES, under
the general supervision of Mr. H. Wayne Jones, Chief, Scientific Engineer-
ing Applications Center; Dr. Reed L. Mosher, Acting Chief, CAED, and
Dr. N. Radhakrishnan, Director, ITL. Mr. Donald Dressler was the origi-
nal HQUSACE point of contact, and Mr. Lucian Guthrie is the present
Technical Monitor.

At the time of publication of this report, Director of WES was
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN.

The contents of this report are not to be used for advertising, publication, or
promotional purposes. Citation of trade names does not constitule an official
endorsement or approval of the use of such commercial products.




Conversion Factors, Non-Sl to S
Units of Measurement

Non-SI units of measurement used in this report can be converted to SI
units as follows:

Multiply By To Obtain
degrees (angle) 0.01745329 radians
feet 0.3048 meters
kips (1,000 b mass) 453.59237 kilograms
kips (force) per square foot 47.88026 kilopascals
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Introduction

Purpose of Program

The purpose of CTWALL! is to assess the stability of T-type retaining
and floodwalls in accordance with EM 1110-2-2502 and ETL 1110-2-322.°
CTWALL will assess the overturning and sliding stability of a retaining or
floodwall in accordance with the aforementioned criteria documents.

Organization of Report

The remainder of this report is organized as follows:

a.

Chapter 2 describes the installation and equipment requirements of
the program.

Chapter 3 presents a general overview of the operation of the
program.

Chapter 4 discusses the interactive operation of the program.
Chapter 5 describes the capabilities of the program.

Chapter 6 describes the procedures used in performing the stability
analyses.

Chapter 7 is the input guide. This section will explain the format to
be used for a data file and will also explain the input variables and
some data restrictions which apply to input from a file or from the
terminal.

1 CTWALL is designated as X0153 on the Conversationally Oriented Real-Time Programming
System (CORPS) Library.

2 Headquarters, Department of the Army. (1989). “Retaining and Floodwalls,” Engineer
Manual 1110-2-2502, Washington, DC.

3 Headquarters, Department of the Army. (1990). “Retaining and Floodwalls,” Engineer
Technical Letter 1110-2-322, Washington, DC.
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g. Appendix A contains a set of examples taken from EM 1110-2-2502,
ETL 1110-2-322, and the CSLIDE user’s guide (IR ITL-87-5).

h. Appendix B describes the features of the program which the user can
customize for their particular needs or preferences.

i. Appendix C describes the operation of the text editor available within
CTWALL.

j.  Appendix D describes the operation of the utility equations contained
in CTWALL. The utility equations are interactive equation solvers
for several of the equations contained in EM 1110-2-2502 and

ETL 1110-2-322.

1 Pace, M. E., and Noddin, V. R. (1987). “Sliding Stability of Concrete Structure (CSLIDE),”
Instruction Report ITL-87-5, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.
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2 Installation

Packing List

You should have one distribution diskette containing the installation
program and the compressed CTWALL program and data files. The in-
stallation procedure will uncompress the files onto a directory of your
choosing. The following files will be installed:

X0153.EXE
X0153.PDT

COURB.FON
X0153D*.DAT
X0153D*.0UT
X0153.D0OC

X0153D.DOC

The main executable program.

The printer definition table used to support
the output of graphics to a printer.

The screen font used in the program for
graphical text output.

The example files. A total of 15.
CTWALL output of the example problems.
A file giving additional information about
CTWALL.

The file describing any discrepancies in
the results from CTWALL compared with
EM 1110-2-2502 and ETL 1110-2-322.

Equipment and Software Requirements

To use the CTWALL program, you will need the following minimum

requirements:

a. AnIBM AT computer or compatible. You will need at least 1.4 Mb
of disk space to store the CTWALL program and accompanying

files.

b. 420 Kb Memory. CTWALL requires 420 Kb of conventional
random access memory (RAM) to run. The installation procedure
will preform a memory check and alert you if there is insufficient
memory to run the program. You can also use the DOS CHKDSK
command or the MEM command in DOS 4.0 or 5.0 to report the
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amount of conventional memory available. If you do not have
enough RAM, alter your CONFIG.SYS and/or AUTOEXEC.BAT
files to remove miscellaneous device drivers, remove Terminate and
Stay Resident (TSR) programs, decrease your FILES or BUFFERS
statements, etc., until you have freed up enough memory.

c. Monochrome or color monitor. The program supports both
monochrome and color monitors. CTWALL also supports the use
of CGA, EGA, and VGA graphic adapters.

d. Epson, LaserJet, and other printers. The program supports the
output of graphics (screen dumps) to a variety of printers. The
command to send graphics to the printer is available from
pull-down menus when viewing the graphical output.

Installation Procedure

To install the program, perform the following steps:

a. Insert the distribution diskette into a disk drive (e.g, drive A or B).
b. Logonto drive A or B (e.g., type A: <CR> ).1
Type INSTALL <CR>.

d. Follow the questions.

o

The installation program will allow you to install the CTWALL pro-
gram in a directory of your choosing. The installation program will also
tell you if your machine does not have sufficient memory available to run
CTWALL.

1 Text in bold indicates what the user is to type. Text located between < > indicates a key or
sequence of keys to be pressed (e.g., <CR> denotes a carraiage return, <ALT X> denotes
holding down the ALT key and pressing the X).
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3 Overview of Program
Operation

~ General

The program is designed to be highly interactive through the use of
pop-up menus, scrollable lists, and pop-up data forms. The program is
designed so that the designer can quickly and easily cycle through the sta-
bility analyses. The user can change the structural geometry between runs
to zero in on a wall configuration that satisfies the analysis criteria and is
also economical. Graphics are available to view the input as well as the
output. The input data and results of the analyses can be viewed by using
a scrollable list or can be sent to a printer or file.

Operational Modes

- The program has two modes of operation, interactive and batch. The
interactive version makes use of graphical menus and displays. The batch
version simply reads in data from a file and writes out the results to a file.

Interactive mode

To begin execution of the interactive version of the program, do the
following:

a. Change to the directory where CTWALL was installed (if you just
finished installing, the installation program puts you in the directory
automatically).

b. At the DOS prompt, type :
X0153 <CR>
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Batch mode

To begin execution of the batch version of the program, do the following:

a. Change to the directory where CTWALL is located.

b. At the DOS prompt, type:
X0153 InputFile OutputFile <CR>

where InputFile is the data file to be read and OutputFile is the file
where you want the results written. CTWALL will not prompt you if the
output file already exists. CTWALL will simply overwrite the file.

Help System

At any time the user may receive help by pressing the <F1> key. The
main help screen is shown in Figure 1. The figure describes the functions
of the available key sequences.

ESC - Used to exit a data form. Changes to the current form are
ignored. For submenus, this key will return you to the previous menu. :

F18 - Used to exit a data form and save all changes to data. .
ALT X - Used to exit the program at anytime.
Enter - Used to enter a data item or select a menu option.

Cursor keys - Used to move betueen fields in a data form and to enter a
value. In a menu, these keys are used to highlight a desired option.

PgUp, PgDn, Home, End - These keys and the cursor keys are used
to scroll a list.

Space bar - In a field uwith a choice listed, this key will step through
the available choices. The <Enter> key accepts the choice.

F1 - Help key. This key may be pressed at anytime to receive help.
Press Any Key to Continue

Figure 1. Main help screen
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( Sequence of Operation

This section describes, in general, the sequence of operations involved
in running an analysis using CTWALL. The operations described in this
section are more fully explained in Chapter 4, Interactive Operation of
Program and Chapter 7, Input Guide.

Reading in data

There are two methods of entering data into the program. The user can
enter data from a predefined data file or use an interactive data entry for-
mat. Even if data is entered using a data file, the user can still edit the
data using the interactive format.

Verifying data

The data may be reviewed for correctness by viewing the input
echoprint of the data. This echoprint is displayed in a scrollable window
that can be scrolled forward or backwards through the printout. The user
can also view a plot of the data to visually check that the data entered is
what was intended.

Required data

There are several sections of required data that must always be entered.
These required sections are the:

a. Structural geometry. The user enters dimensions of various parts
of the structure such as the stem, toe, heel, and key. There are two
different structural geometry screens that may be used. The user
can choose the one which is easiest for the problem at hand.

b. Soil geometry and properties. The soil geometry on the driving
and resisting sides of the structure are entered. The properties of
these layers and the soil below the structure are also input.

c. Water information. The user can enter the water levels -and the unit
weight of water. Also, the method of computing uplift pressures on
the base of the structure may be selected. The user can select the
“line of creep” method or input pressures along the base of the
structure.

d. Required stability criteria. The required factor of safety (FS)
against a sliding failure and the percent of base in compression for
the overturning analysis can be specified. These values are compared
with computed values to report the adequateness of the analyses.
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Optional data

There are several sections of optional data that are available to the
user. These sections of data pertain to:

a. Project information and title. The user can specify project
information such as a name, location, purpose, and designer. Also,
a general-purpose five-line title can be input. Both the project
information and general title appear on the output.

b. Unit weight of the structure. The unit weight of the structure is
entered and used when computing the force due to the weight of the

structure.

c. Vertical surcharge. The user can enter both vertical uniform and
strip surcharges.

d. Horizontal surcharge loads. Both horizontal pressure and line
surcharges can be entered.

e. Analysis options. The user may alter assumptions used in both the
sliding and overturning analyses. Options such as the percent of
passive force assumed in the overturning analysis, the failure angle
of the wedges, the existence of water-filled cracks, and the
existence of a crack to the bottom of the base of the structure are
available. Some options affect just the sliding or the overturning,
or both the sliding and overturning.

Execution of analyses

After all input and options have been selected, the user selects the exe-
cute command from the input options menu and the analyses are per-
formed. At completion of the analyses, an abbreviated output giving the
factor of safety against sliding and the percent of the base in compression
is presented. A report is also made verifying if the stability is satisfied as
compared to the required criteria entered. If the stability is not satisfied,
the user has the option of altering the structural geometry and rerunning
the analyses as described in the following sections.

Output options

Several options are available to the user upon completion of the stabil-
ity analyses. These options are:

a. Change structural geometry. The user can select to change the
structural geometry to try and satisfy the stability requirements.
The structural geometry screen will be displayed for the user to
make changes after which the analyses are immediately rerun. The
user then has the option to change the structural geometry again if
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stability is not satisfied and repeat the procedure. This loop is a
quick way to alter geometry, rerun, review the abbreviated output,
and rerun until stability is achieved. Once the required stability
criteria are met, the user may review the more extensive full output.

b. Edit other data. The structural geometry, soil geometry and
properties, and the stability criteria can be edited. The difference
between this and the above option is that the stability analyses are
not automatically rerun.

c. View the results. This option can be used to view the full output at
the terminal, send the results to a file, or print the results on a
connected printer.

d. Plot the results. Both a failure surface plot and a free-body diagram
can be displayed to help interpret the results.

e. Restart. The user may reset the program to default conditions and
return to the initial main menu to analyze another problem.

Saving Your Work

To save the current data into a file for future use, the user simply se-
lects the “File Save” option when available. This option is available be-
fore and after analyses are run.

Stopping the Program

There are several places where the option to exit the program exists.
Once selected, the user is queried as to whether this is what he really
wants to do. Also, the program can be stopped from within any menu by
holding down the <ALT> key and pressing X. This < ALT X> se-
quence will also query the user for confirmation.

Chapter 3 Overview of Program Operation
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4 Interactive Operation of
Program

Main Menu

After beginning program execution, a main menu is displayed as shown
in Figure 2. The options available and their associated functions are listed

below:

a. Terminal input. This option allows the user to enter information
about the structural geometry, soil geometry and properties, water
data, and FS data through the use of interactive screens.

b. File input. This option allows the user to enter data by reading in a
predefined data file.

c. Edit file. This option allows the user to edit or create a data file for
subsequent runs. The editor is discussed in more detail in
Appendix C.

d. View file. This option allows the user to view a file in a scrollable
window to verify its contents.

e. Utility equations. This option allows the user to use interactive
equation solvers for equations contained in EM 1110-2-2502 and
ETL 1110-2-322. The utility equations are discussed in more detail
in Appendix D.

J- Setup. This option allows the user to set preferences for certain
aspects of the program, such as graphics mode, printer type,
graphics output quality and orientation, and the size of the left
margin for printouts. The setup procedure is explained in detail in
Appendix B. .

g. Information. This option allows the user to view information
about the development of the program and how to obtain technical
assistance. The user may also view a short questionnaire about the

program.
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h. Quit. This option allows the user to exit the program and return to
DOS.

Each of these options will be discussed in more detail in the following
sections.

Terminal input
Data file input

Press F1 for help.

Figure 2. Main menu

Choosing Terminal or File Input

The user is allowed to enter data from the terminal using menus or by
using a predefined data file. Any input data, no matter how it is entered,
can also be saved into a file for future use. At the start of the program,
the user is given the choice of terminal or file input as shown in Figure 3.

Use the up and down arrow keys to highlight the desired choice and
press the <Enter> key. If terminal input is requested, the program will
progress through several menus for the user to enter required data. If file
input is requested, the user should enter a data file name which the program
will read.

Chapter 4 Interactive Operation of Program
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Terninal input
Data file input

Input Data File

Directory: C:\CORPS\NCTWALL\VERIFY\
File

Figure 3. Input data file selection

Required Data Input

A sequence of four to five screens are progressed through when input-
ting data from the terminal. Information must be entered concerning the
structural geometry, soil geometry, soil properties, and water data. To
enter data in these screens, the user simply types in a number and presses
the <Enter> key or the <up> or <down> arrows. The user can go for-
ward or backward through the data by using the <up> and <down>
arrow Keys as much as desired. Input for a screen is complete when the
<Enter> key is pressed in the last field of the data form or the <F10>

key is pressed.

Structural geometry screen

There are two different structural geometry data entry screens that can
be used. The screen shown in Figure 4 is the default screen labeled as
structural screen 1. The screen shown in Figure 5 allows a more complex
geometry and is labeled as structural screen 2. The user can make struc-
tural screen 2 the default by following the setup procedure described
under the section entitled Setup Procedure. Depending on the problem,
one screen may offer data entry advantages over the other.
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STEM

Elevation of top of stem

Height of stem

Stem thickness at top

Stem thickness at bottom

Width of stem batter at bottom
HEEL

Thickness of heel

Depth of slope
|| TOE
i| Thickness of toe
Horizontal toe width
Depth of slope

Height of key
Thickness of key
Length of slope

Figure 4. Structural geometry screen 1

Structure Geometry

STEM
Elevation of top of stem
Stem thickness at top
Sten thickness at botton
Width of stem batter at bottonm
HEEL :
Thickness of heel
Thickness of heel at stem
TOE
Elevation of bottom of toe
Thickness of toe
Thickness of toe at stenm
Horizontal toe width
BASE
Horizontal base width
Batter of the base
KEY
Height of key
Thickness of key
Distance of slope

© -
i

-
1,07,

v

[N~ @ W Wk = ®

'Elevation of top of stem, ft. (ELTS)

Figure 5. Structural geometry screen 2

13.
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Soil geometry screen

The soil geometry screen consists of the geometry of the driving side
and the resisting side soil as shown in Figure 6.

Soil Data - Geometry

DSTDRV(2)
EGMETRY DRIVING DSTDRV(1)

Elevation BTRDRV(1) 7
Soil batter

Distance

Soil batter

Distance

Soil batter

GEOMETRY RESISTING SIDE

Elevation Enter soil data with left side
Soil batter as the driving side.

Slope: - Clockwise
+ Counter-clockwise
(From horizontal)

Figure 6. Soil geometry screen

Soil properties screen

The prbpérties of the driving side soil, resisting side soil, and the soil
beneath the base of the structure are entered in the soil properties screen
as shown in Figure 7.

Water data screen

The water levels, unit weight of water, and the method of computing
seepage pressures are entered in the water data screen as shown in Figure 8.
There is an optional screen available for the water data. In the last field
of the screen, the <space bar> can be used to toggle between the meth-
ods by which seepage pressures are calculated. If the option of “Input
Pressures” is chosen, then the screen shown in Figure 9 appears in which
the user can enter a desired pressure distribution.
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DRIVING SIDE
Friction angle
Cohesion
Moist unit uwt.
Saturated unit wt.
Wall friction

FOUNDATION Driving side
Friction angle str.=
Cohesion structure
Friction angle soil

Resisting
side

Cohesion soil

RESISTING SIDE
Friction angle
Cohesion
Moist unit wt. = 08.12
Saturated unit wt. = 8.125

Aingle of internal friction on driving side, deg

Figure 7. Soil properties screen

CTWALL

Driving side elevation
Resisting side elevation

Unit weight of water 8.8624 T

Pressures computations Line of Creep

/) S

y WATELD

B

=
—— 3 °

‘Elevation of water on driving gidc. ft.(UATELD)

Figure 8. Water data screen
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—{later Pressures

V

Distance =

Distance is horizontal

distance from tar
left of heel

OO DUTE
DO 0o

Figure 9. Input water pressures screen

Required stability criteria

The required factors of safety against a sliding failure and the percent
of base in compression can be entered directly or from a table as shown in
Figure 10. The table is from a table of load cases from Chapter 4 of EM
1110-2-2502. As mentioned previously, these criteria are compared to the
computed values to report whether the stability criteria are satisfied.

Input Options Menu

After the required screens of data are entered, an input options menu
as shown in Figure 11 is displayed. This menu allows several additional
sections of data to be entered. These sections of data are discussed below.

Project data and general title

The user can enter information to identify the wall and program run as
shown in Figures 12 and 13. This information is printed at the top of the
input echoprint and with the results from the analyses.
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equired FS
hoose from table
nput FS

Factors of Safety

Retaining Walls
Case Loading FS
Condition Sliding

Usual
Unusual Y
Earthquake Resultant within base

"Xecute the analysis

Project Information
General Title

Unit Ueight of concrete
Surcharge Loads
Analysis Options

Edit

Vieu input data
Plot input

Save input in file
Restart

Quit
‘Perforn the stability analysis—

Figure 11. Input options menu
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CTWALL

lnpuf Options

EXecute the analysis

Pro
Gen
Uni

ject Information

Project Data

Campany nanme:

[Uateruays Experiment Station
Project nanme:

[Example Problen

Pro ject Location/Ouner:

[

Wall Location/lise or Purpose:
[

Designers Initials:[JN]

Input Options

EXecute the amalysis

Project Information

General Title

Gen
Uni
Sur

Enter up to 5 lines of information
[This is a general 5 line title

[that can be used for any purpose 1

ouvish .~

[ ]

Figure 13. General title
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Unit weight of concrete

The unit weight of the structure can be changed from the default of
0.15 kcf as shown in Figure 14.

EXecute the analgsis

General Title

Unit Ueight of concrete

Surcharge Loads

Analysis mcrete Unit Weight

Edit Unit weight of concrete = B

View inpu'Unit wveight of concrete, kcf.
Plot input

Save input in file
Restart

Quit

Figure 14. Unit weight of structure screen .

Vertical surcharge loads

Two types of vertical surcharge loads, strip and uniform, can be en-
tered as shown in Figures 15 and 16.

Horizontal surcharge loads

Two types of horizontal surcharge loads are available. Both horizontal
line loads and pressure loads are available. These loads could be used to
represent wave loadings, wind loadings, or other externally applied hori-
zontal loadings. These loads are shown in Figures 17 and 18.

Analysis options

The default options used by CTWALL when performing the stability
analyses can be altered in the “Analysis Options” screen shown in Figure 19.
In this screen, options affecting the sliding, overturning, and sliding and

Chapter 4 interactive Operation of Program
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EXecute the analysis

Project Information

Gener (—————7Vertical Uniform Surcharge Load
Unit

Surch UMAGDQm—I—
A

Uniform vertical load =

Figure 15. Uniform vertical surcharge screen

lnput lth ions

EXecute the amalysis

Uertical Strip Surcharge Load

WSTRIP SMAG DISTSL
YSTRIP

Figure 16. Vertical strip surcharge screen
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Input Options

EXecute the anmalysis

Horizontal Line Load

Elevation HLINE

EL¢1y [

HLINE(1)
5

—_—
e

|

EL(S)
HLINE(S) ;I

HLINE: + Right
- Left

Figure 17. Horizontal line loads screen

Input Options
EXecute the analysis

Horizontal Pressure Load

Elevation HPRESS

HPRESS(1)
EL(1)__ [T 5

EL(S)
HPRESS(5)

HPRESS: + Right
- Left

pressure, ft.

Figure 18. Horizontal pressure loads screen
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—————{ptions Which Affect Sliding and Overturning

Crack above heel: [} Elevation of driving wedge: No
8

Water filled crack: Yes Wedge failure angles:
Driving wedge : No
Passive resistance: Structural wedge: No
Querturning: At-rest Resisting wedge : No

Sliding : Based on FS
. Use «=45+-#d/2 for all wedges: No

Options Which Affect Sliding

Options for calculation of forces for the REQUIRED FS:
Iterate mormally

Options Which Affect Overturning

SHF: 8.66666 Earth pressure coefficients:
Driving side coefficient
Iterate: Yes Resisting side coefficient

Press F1 key for help
‘Do/Do not use water filled crack at heel of structure?

Figure 19. Analysis options screen

overturning can be set. Each of these options is discussed in more detail
below:

a. Crack above heel. This option will force a crack down to the
bottom of the heel. If the water level is above the crack, the crack
will be filled with water. This option is intended to allow the
examination of a floodwall.

b. Water-filled crack. This option will fill any computed cracks with
water. The depth of cracking is based on the developed cohesion.

c. Elevation of driving wedge. The elevation of the starting point of
the base of the driving wedge can be input. This option allows the
modeling of an embedded structure in rock.

d. Passive resistance. The amount of passive resistance to use in the
overturning and sliding analyses can be chosen. For overturning,
percentages up to one-half full passive resistance may be chosen.
For sliding, the resistance may be assumed to be zero or may be
computed based on the FS.

e. Wedge failure angles. The failure angles of any of the wedges can
be set. This will predetermine the failure path. This option is used
in cases where the failure along a specific plane is known.

f. 45%¢/2 wedge angles. This option will use the relation 45t¢/2 to
calculate the failure angles of the wedges.
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g. Calculation of forces for the required FS. This option will allow
the user to examine the forces for a particular FS or have the
program calculate the force required to hold the system in
equilibrium for a particular FS. This latter option is intended to
allow the examination of walls restrained by an adjacent slab.

h. SMF. The user can select the strength mobilization factor (SMF)
to be used in the overturning analysis. EM 1110-2-2502 specifies
that an SMF = 2/3 is to be used in an overturning analysis. If an
SMF = 1.0 is used, the full active and passive pressure forces will
be used. '

i. Iterate in overturning. If 100 percent of the base of the structure
is not in compression, the program will iterate to find the actual
percent of base in compression. This option will cancel this
iteration procedure.

j. Earth pressure coefficients. The program will automatically
calculate the earth pressure coefficients to use in the analyses. The
user may input his own coefficients, if desired.

Editing input

The user can return and edit any of the required information screens
previously discussed. These are the structural geometry, soil geometry,
soil properties, water data, and FS data screens. After a screen has been
edited, the user is returned to the “Input options” menu where another
screen can be chosen for editing.

Viewing input data

After data have been entered, either from a file or interactively, an
echoprint of the data may be viewed. The echoprint will display the input
data and specify any options which have been set. This will allow the
user to verify the data that have been entered. The input is displayed in a
scrollable window as shown in Figure 20.

Plotting input data

The input data may also be plotted to visually verify the entered data.
An example of an input data plot is shown in Figure 21. Several options
are available from a menu at the top of the plot. The user may add an axis
and/or grid, window in on a particular part of the plot, or print the plot on
an attached printer. The printer must be connected to LPT1.

Chapter 4 Interactive Operation of Program
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Date: 93/168/31

This is a general 5 line title
that can be used for any purpose
you wish.

Company name:

Wateruays Experiment Station
Project nane:

Example Problen
Project location:

Wall location:
Computed by: mep

Structural geometry data:
Elevation of top of stem (ELIS)
Height of stem (HIS)

Thickness top of stem (TIS)
Thickness bottom of stem (IBS)

Echoprint of Imput Data

Use t, {, PgUP, PgDn, Home, End keys to

print of Input Data

Tine: 11.15.81

15.808 rt
13.58 ft
1.58 ft
1.58 ft

scroll. Hit <Esc)> to exit listing.

Figure 20. Input echoprint of data

fixis Grid Window Total Output Return

_Example Problenm

This is a general 5 line title

Plot as big a picture as possible (not to scale)

15

10+

K

15 20 25

Figure 21. Input data plot
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Saving data

The user may also save the current data into a file for future use by
using the “Save input” option. A file name is requested to save the data
into. If the file already exists, the user is given the chance to enter a new
file name or overwrite the existing file.

Restarting program and exiting

The user may reset the program to the start-up defaults and begin a new
problem by selecting “Restart.” Selecting “Exit from program” will re-
turn the user to DOS.

Abbreviated Output Listing

After the analyses have been run, an abbreviated output is given which
lists each analysis, whether the user’s criteria were met, and some sugges-
tions of things to try if the criteria were not met. The abbreviated output
is shown in Figure 22.

: CTWALL
fAbbreviated Output
wanwe Summary of Results s

This is a general 5 line title

Project name: Example Problenm

FIEIIEIENIIENIIEINIIE N we Not Satisfied eee

» Querturning *  Regquired base in comp. = 188.80

FHIIIIINMNIININNN fictual base in conmp. = 76.26 2
Overturning ratio = 1.72

To increase stability try one or a combination
of the follouing:

1. Increase the base width
2. Slope the base of the structure
3. Louer the uall base
4. Add/remove key
Xr (measured fron toe) = 2.29 ft
Resultant ratio = .2542
Stem ratio = .3333

.88a8 ksf

Base pressure at x= 6.86 ft from toe
4.3683 ksf

Base pressure at toe

SIIEIIEIIIIEIIE e Satisfied soee
» Sliding Min. Required = 1.58
FRIIIIHINNIE Actual FS = 1.55

Use 1, 4, PgUP, PgDn, Home, End keys to scroll. Hit <Esc> to exit listing.
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Output Options Menu

The output options menu shown in Figure 23 will allow the user to change
the structural geometry and cycle back through the stability analyses, view
the full output results, view output graphics of the failure surface or a free-
body diagram of the structural wedge, or several other options as described

in the following sections.

Qutput Options:

hange
Edit

Output to Terminal

Dutput to File

OQutput to Both terminal and file
Output to Printer

Plot sllding surface
Plot frEe body diagram

Return to Options menu

Save data

Restart

Quit

‘Change the structure geometry and reanalyz

Figure 23. Output options menu

Changing structural geometry

This option will return the user to the structural geometry screen where
the dimensions of the wall can be changed. When the user exits from the
structural geometry screen, the analyses are automatically rerun. This pro-
vides a fast method to alter the structural geometry and rerun the analyses.

Editing required sections of data

If the user desires to change data other than the structural geometry,
this option will allow the editing of any of the required sections on input

data.
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Viewing or printing output results

To view the output results or send the results to a printer or file, one of
the print options can be selected. If results are sent to a printer, the
printer must be connected to LPT1.

Plotting the output

These plots are shown in Figures 24 and 25.

The user can view both a failure surface plot and a free-body diagram
plot. The failure surface plot displays the failure surface computed in the
sliding analysis. The free-body diagram plot of the structural wedge dis-
plays the forces and pressures computed in the overturning analysis.

Returning to input options menu

m fixis 6rid Window Total Output Return
Plot as big a picture as possible (not to scale)

The user can select the “Return to input options menu” to modify any
of the input data.

This is a general 5 line title
Example Problem

3

15

10+ \

llit

15

Figure 24. Failure surface plot from sliding analysis
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fixis Grid Window Total Output Return

Example Problem

1434

This is a general 5 line title

Plot as big a picture as possible (not to scale)

14.96

141

. 8486

= Surch.

Soil

7.736°°%1

Base Press.

Figure 25. Free-body diagram from overturning analysis
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5 Capabilities of Program

Structural Geometry

The structure can consist of a stem, toe, heel, and key. The base of the
structure can be horizontal or sloped. Some various valid structural configu-
rations are shown in Figure 26. Valid base configurations are shown in Fig-
ure 27. There are two options for entering the structural geometry as shown
in Figures 4 and 5. The default option is shown in Figure 4. The user can
use whichever method is easier for the geometry at hand. The setup screen ac-
cessed from the main menu is used to switch between the two methods of
entry. The setup procedure is explained more fully in Appendix B.

i
i
i
i
1

Figure 26. Examples of valid structural configurations
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When a data file is read into the program,
the method of entry of the structural geom-
etry is controlled by the “STRUCTURE”
command explained in Chapter 7. The
program will automatically use whatever
method is used in the data file, no matter

—A\ F R ‘ what default option is currently selected.

Soil Layers

There can be one soil layer on the driv-
ing and resisting sides of the structure.
The soil layer on the driving side can
have up to three slopes. The resisting
side must have a constant slope. Soil lay-

ers must intersect below the top of the
structure and above the base of the struc-
ture. A “no wedge” condition can be mod-
eled by inputting a soil layer elevation at

the base of the structure. The soil geome-

Figure 27. Valid base configurations try is shown in Figure 6.

30

Soil Properties

Both the driving and resisting sides can have an angle of internal fric-
tion ¢ and a cohesion value c. In addition, the driving side can have a
wall friction value 8. The wall friction must always be positive. Also,
the soil layers can possess both moist and saturated unit weights. The pro-
gram will use the moist weight above the water level and the saturated
weight below the water level. Buoyant weights are calculated using the
saturated weight.

The foundation soil has two sets of soil properties consisting of a ¢
and a c. One set of properties is used for the soil-structure interface and
the other set of properties is used for the soil-soil interface. The values used
in the analyses depend on the interface being examined. For example, the
user could examine a plane below the base of the structure for sliding. In
this case, the properties of the soil-soil interface would be used.
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Water Levels

A water level can be entered for each side of the structure. The driving
side water level must be equal to or greater than the resisting side water
level. The water levels can be above or below the structure. If the water

levels are input at the same elevation, hydrostatic water pressures are com-

puted. If there is a difference in water levels, seepage pressures are com-
puted. The procedure used to calculate seepage pressures is explained in

the following text.

Water Pressures

Water pressures are calculated using the following three procedures:

a. Line of creep. The line-of-creep procedure will linearly dissipate
head along the shortest seepage path. The shortest seepage path is
the wetted perimeter of the structure embedded in the soil.

b. Hydrostatic pressures. Hydrostatic pressures are computed as the
vertical distance from the water level to a point multiplied by the
unit weight of water. Hydrostatic is only used if the water levels
input are equal.

c. Input pressures. Input pressures are user supplied pressures at
points along the base of the structure. Input pressures can be used
to simulate flow net results or to produce full head values along the
base of a wall (for instance, if a wall is founded on rock). Up to
10 pressures can be entered along the base of the wall.

These methods of computing water pressures are explained in detail in
Chapter 6, Analysis Procedures.

Vertical Surcharges

Two types of vertical surcharges are available: strip and uniform. A
strip load has a finite width and extends infinitely in the direction perpen-
dicular to the cross section. The uniform loading is a load that has an infi-
nite width and extends infinitely in the direction perpendicular to the
cross section. Both of these loadings are described in paragraph 3-16 of
EM 1110-2-2502.

Up to five strip surcharges can be entered. Only one uniform load can
be entered. The surcharges can only be located on the driving side of the
structure. The surcharge loading are projected loadings (i.e., they are

Chapter 5 Capabilities of Program
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based 6nly on the horizontal distance loaded). Strip surcharge loadings
can be superimposed to approximate other loadings, such as ramp loadings.
Line loads can be modeled by a strip load of width equal to 1 ft.

Horizontal Surcharges

Two types of horizontal surcharges are available: line and pressure.
The line and pressure surcharges extend infinitely in the direction perpen-
dicular to the cross section. Up to five line loads may be entered. Up to
five horizontal pressures may be entered to approximate a pressure distri-
bution on the structure. The horizontal pressure loads are assumed to act

on the structural wedge.

Computation of Cracks

There are two options for handling the formation of cracks on the driving
side of the structure. They are:

a. Full crack. The user can force a crack down to the base of the
structure on the driving side. This is intended to facilitate the
modeling of floodwalls. If water is present, full hydrostatic
pressure is applied in the crack. This option is used in both the
overturning and sliding analyses. '

b. Water-filled crack. The user can elect to fill computed cracks with
water. If a soil possesses cohesion, a crack depth is automatically
calculated for the soil layer based on the developed cohesion. The
developed cohesion is based upon the SMF used in the overturning
analysis or the FS used in the sliding analysis. If selected, this
crack depth can be filled with water. If a crack is formed below the
water level, it is filled with water automatically. Since any cracks
formed may become inundated, this option simplifies the modeling
of water-filled cracks.

Driving Wedge Elevation

The elevation of the driving wedge may be input if desired. This option is
intended to allow the modeling of a wedge which does not begin at the base
of the wall (e.g., if the wall is founded in rock). This option affects both
the overturning and sliding analyses. Figure 28 shows the effect of using
the driving wedge elevation option.
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Figure 28. Wedge elevation option

Passive Resistance

The magnitude of the earth pressure forces on the resisting side can be
controlled for both the overturning and sliding analyses. For the overturn-
ing analysis, the magnitude of the passive resistance can be chosen to ap-
proximate at-rest conditions or can be selected as a percentage of full
passive resistance ranging between 0 and 50 percent. The passive resis-
tance for the sliding analysis can be set to 0 or computed based on the FS.
Setting the passive resistance to 0 is essentially forcing the existence of a
“no wedge” condition on the resisting side of the structure.

Failure Angles of Wedges

There are three wedge angle options available to the user. They are:

a. Automatic calculation. The user can let the program automatically
iterate for the critical wedge angles. The critical angles are the
ones that produce a maximum driving force and a minimum
resisting force.

b. Set the failure angles. The user can specify a failure angle for any
of the wedges. This is useful if parts of a failure path are
predefined, and it also aids in searching below the base of the
structure for a critical sliding plane.

c. o =45+dd/2. This option will compute the failure angles of the
wedges based on the equation 45%¢4/2 for the driving and resisting
wedges. The developed angle of internal friction ¢4 is based on
the SMF used in the overturning analysis and on the assumed FS
used in the sliding analysis. Any failure angles which are “set” by
the option described in b are not affected by this option.

Chapter 5 Capabilities of Program
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Forces in Sliding Analysis

There are three options available for the calculation of forces in the
sliding analysis. These options are:

a. Normal iteration. This option will vary the FS assumed in the
sliding analysis until the forces calculated satisfy equilibrium. The
magnitude of the forces used in the analysis is subject to other
options which affect the earth pressure forces computed for the
driving and resisting wedges.

b. Forces for the required FS. This option will compute the forces for a
specified FS. The FS used is the required factor of safety as described
in the “Required Data Input” section in Chapter 4. This option is
intended to allow the examination of forces for a particular FS of
interest. It is important to note that for an arbitrary FS, the forces
calculated will probably not result in equilibrium of the system.

c. Forces required for equilibrium. This option will calculate the
resisting force required to hold the wall in equilibrium for the
required FS. This option is intended to allow the examination of
walls restrained by an adjacent slab. Therefore, the sliding analysis
will report a resistance value sufficient to hold the wall in equilibrium
for a specified FS. The resistance value can then be used to design

the slab.

Strength Mobilization Factor

The SMF affects the amount of the shear strength of the soil that is mo-
bilized or used in the overturning analysis. The SMF is more fully ex-
plained in paragraph 3-11 of EM 1110-2-2502. Two values of the SMF
are worth noting. An SMF = 2/3 applied to the driving side soil properties
will result in near at-rest earth pressure forces. An SMF = 1 will result in
full active earth pressure forces. The default value for the SMF = 2/3.

Percent of Base in Compression

In the overturning analysis, if 100 percent of the base of the structure is
not in compression and water pressures are present, an iterative procedure
is used to calculate the actual percent of the base of the structure in com-
pression. This procedure is more fully explained in the Chapter 6, Analy-
sis Procedures.
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Earth Pressure Coefficients

The user is allowed to enter earth pressure coefficients for the driving
and resisting side soils. These earth pressure coefficients are used in the
overturning analysis to compute earth pressure forces.

Chapter 5 Capabilities of Program
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-6 Analysis Procedures

General

The program has been designed to follow the criteria described in
EM 1110-2-2502 and ETL 1110-2-322. The following discussion will
not elaborate on the theory behind the analysis procedures but more on their
implementation in the program.

Overturning

The overturning criteria used in CTWALL is described in Chapter 4 of
EM 1110-2-2502. The procedure used in CTWALL is shown in the flow-
chart in Figure 29.

Outline of procedure

The program will calculate a percentage of the base of the structure
which is in compression and report the location of the resultant of all
forces applied to the structural wedge. The program will iterate, if neces-
sary, to find the percent of the base in compression. This iteration will
only occur if three conditions are met: (1) there must be seepage pres-
sures present on the base of the structure, (2) the base of the structure
must not have a key, and (3) less than 100 percent of the base of the struc-
ture must be in compression. If the base is not fully in compression, this
means that part of the base is in tension. Tension between the base of the
structure and the foundation is not allowed and the tensile pressures are
neglected. The base is assumed to crack and full hydrostatic water pres-
sures are applied to the part of the base of the structure which is not in
compression (Figure 30). The overturning analysis is recomputed and the
resulting percent of base in compression is compared to the previous itera-
tion. If the resultants from the two iterations compare closely (to within
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Set selected
overtuming options

Calculate seepage
pressures on base

Compute base width
and length

Calculate K for
driving side

Calculate K's Use input K's

terate for failure angle
of driving wedge

Calculate crack depth

Figure 29. Flowchart of overturning analysis (Sheet 1 of 3)
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calc. K for driving
side

Use failure angle to

Calculate crack
depth

Calculate K for
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[
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Use % of full
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Figure 29. (Sheet 2 of 3)
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Compute moment
ratio

Analysis éomplete

Figure 29. (Sheet 3 of 3)
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K]

Figure 30. Full hydrostatic pressures across cracked portion of base

0.001 ft), the process is complete. Otherwise, full hydrostatic water pres-
sures are applied over the new percent of the base which is not in compres-
sion, and the analysis is recomputed. For a base with a key, EM 1110-2-2502
states (paragraph 4-8d) that the soil will remain in compression contact
with the structure. Therefore, there will be no crack formed for this case.

Seepage computations

During the overturning analysis, as CTWALL iterates to find the actual
percent of the base of the structure which is in compression, the seepage
pressures are continually updated. The pressures are updated because as
the crack length along the base of the structure propagates, the seepage
path is shortened. A new hydraulic gradient is computed and is used to
compute new seepage pressures along the base of the structure. These
seepage pressures, in turn, affect the critical failure angle of the driving
wedge. The critical failure angle is computed as the one which produces
the maximum driving force for a specified SMF. The critical failure angle
also influences the calculated earth pressure coefficients and crack depth

for the driving side.

This discussion assumes that the line of creep is being used for the com-
putation of seepage pressures. The line of creep assumes that the head
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loss is linearly distributed around the wetted perimeter of the embedded
part of the base of the structure. This is shown pictorially in Figure 31.
The distance used to calculate the hydraulic gradient is length ABCD.

<

S EEEEEEEEERE

Figure 31. Line of creep method for seepage pressures

If input pressures are being used, the pressure input at the heel of the
structure is applied across the cracked portion of the base of the structure.
The remainder of the input pressure distribution remains unchanged.

The actual base of the structure is used in the overturning analysis.
This means that a sloped base and key are taken into account. The seepage
pressure distribution on the base is calculated at points along the base of
the structure, not the sliding plane.

If the crack option at the heel is used, a crack is assumed down to the
bottom of the heel, and the seepage path is adjusted accordingly.

Calculation of K's

CTWALL will automatically calculate the value of the earth pressure
coefficients for the driving and resisting sides of the structure. The proce-
dure for the driving and resisting side soils are discussed below:

a. Driving side. The critical failure angle for the driving wedge is
sought by an iterative procedure. This procedure yields the wedge
angle giving the maximum driving force for the specified SMF (an
SMF = 2/3 approximates at-rest conditions). This wedge angle is

Chapter 6 Analysis Procedures
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then used to compute the value of the driving side earth pressure
coefficient Kq.

b. Resisting side. The resisting side earth pressure coefficient K, can
be computed by two different methods. If the user selects at-rest
pressures on the resisting side, the Danish Code equation is used to
calculate K. If a percentage of the full passive earth pressure is
desired, the full passive earth pressure coefficient is computed
from Coulomb’s equation using an SMF =1. An SMF =1 causes
the full angle of internal friction of the soil to be used in computing
the earth pressure coefficient. Full passive earth pressures are then
calculated and scaled down to the specified percentage.

The K values referred to are used to develop earth pressure distribu-
tions. The equations used to calculate the K values and the method used
to determine the earth pressure distributions are described in Chapter 3 of
EM 1110-2-2502 and in ETL 1110-2-322.

" If the user inputs values for the earth pressure coefficients, then the
above procedure is bypassed and the input K values are used instead to de-
velop the earth pressure distributions. The K, value for cohesive materi-
als for input K’s is calculated as the square root of the input K values for
the driving and resisting sides (this really only applies to a horizontal
ground surface). For computed K values, the K, value is calculated from
equations in EM 1110-2-2502 which apply to sloping ground surfaces.

K values for the driving side soil are based on the critical failure angle
of the driving wedge as discussed above. The critical failure angle is af-
fected by many factors such as surcharge loadings, soil properties, water
pressures, soil geometry, and depth of cracking. One feature of this pro-
gram is that.cracks are automatically calculated for cohesive materials and
the cracks are filled with water. The depth of cracking is dependent on
the SMF assumed and on the critical failure angle. This, in turn, affects
the K values calculated.

If the slope of the backfill (8) becomes too great (approximately
60 percent of ¢), the suggested value of the SMF = 2/3 should be adjusted.
Guidance on this is provided in ETL 1110-2-322.

Earth pressure calculations

Any negative soil pressures resulting from cohesion are set equal to
zero in the overturning analysis. This essentially means that starting at
the crack depth the effective earth pressure distribution is 0.
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Exceedance of maximum base shear

The overturning analysis makes a check to determine if the maximum
available shear force that can be developed along the base of the structure
is exceeded. The analysis computes a shear force that is required to hold
the system in equilibrium. This shear force is determined strictly from
equilibrium. Therefore, this shear force may or may not be able to exist.
The maximum available shear force is calculated using the unfactored
shear strength properties of the soil. This maximum shear force is then
compared to the calculated shear force required for equilibrium. If the
maximum is not exceeded, the analysis is correct. On the other hand, if
the maximum is exceeded, the shear force required for equilibrium cannot
actually exist. In this case, a warning message is printed in the output
alerting the user of this condition. The user should then try to increase the
stability of the wall.

In certain cases, the overturning analysis may predict that the maximum
base shear has been exceeded, but the sliding analysis will produce an FS
greater than 1. The user could become further confused by checking the
sliding analysis by the quick check described in Chapter 4, EM 1110-2-
2502, only to find that the quick check fails. Which analysis is correct?
The answer is that all analyses are correct. The reasons for this situation
and how to interpret the results are described below:

a. Overturning analysis. The overturning analysis uses an SMF = 2/3.
This value of the SMF produces driving earth pressure forces that
approximate at-rest earth pressure forces. The resisting forces may
also be set by the user to be 0, at-rest, or some percent of full
passive. Therefore, when the program reports that the maximum
available base shear has been exceeded, these results are for the set
of forces used in the overturning analysis. The driving forces are
those computed using an SMF = 2/3. An SMF = 2/3 is equivalent
to an FS = 1.5. The SMF and FS are inverses of each other.

b. Sliding analysis. The sliding analysis applies a constant FS to all
wedges. This means that the driving and resisting forces are
calculated for the same FS. As stated earlier, an SMF = 2/3 or an
FS = 1.5 will approximate at-rest earth pressure forces. As the FS
goes below 1.5, the driving earth pressure forces will decrease and
the resisting earth pressure forces will increase. Therefore, for a
sliding FS below 1.5, the driving forces will be lower than in the
overturning analysis. The resisting forces will more than likely be
higher than those reported in the overturning analyses. Therefore,
the sliding analysis has lower driving forces and higher resisting
forces which result in an FS > 1. This discussion is based upon the
assumption that the required FS is below 1.5.

c. Quick check. The quick check described in Chapter 4, EM 1110-2-
2502, uses the forces computed in the overturning analysis to check
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the sliding analysis. The maximum available shear force is divided
by the desired FS to arrive at a required shear force. If this
required shear force is greater than or equal to the shear force
required for equilibrium, the quick check is satisfied and the
sliding analysis should report an FS equal or greater than the
required FS used in the quick check. It is important to note that the
quick check cannot be used for an FS greater than the inverse of
the SMF used in the overturning analysis (in most cases then the FS
would be 1.5). For an FS < 1.5, why would the quick check fail,
but the sliding analysis report an FS > 1? The answer is in the
magnitude of the forces that are being compared. In the quick
check, the required shear force is compared against the shear force
required for equilibrium, which was computed based upon the
assumption of an SMF = 2/3. The sliding analysis could produce
an FS >1 but <1.5 and have lower driving forces and higher
resisting forces than in the overturning analysis.

To conclude the discussion, the following recommendations are made:

a. If the overturning analysis reports that the maximum base shear has
been exceeded, the overturning stability must be improved.

b. Just because the quick check fails, does not mean the multiple wedge
solution will produce an FS < 1. If the quick check succeeds, the
multiple wedge solution will report an FS > FS used in the quick
check. If the quick check fails, a multiple wedge solution must be
performed. '

c. The applicability of the above discussion is limited to an FS < 1.5
(i.e., the inverse of the SMF).

Sliding Analysis

The sliding analysis uses the procedure described in Chapter 4, EM
1110-2-2502. This procedure is a limit equilibrium procedure and is itera-
tive in nature. Critical failure angles for the driving and resisting sides
are sought for an assumed FS. The resulting earth forces are summed and
if the sum is zero, the system is in equilibrium and the critical FS has been
found. A flowchart of this procedure is shown in Figure 32.

Critical failure angles

The process of finding the critical failure angles is an iterative process.
Assumed failure angles are used to form wedges. The resulting earth
forces corresponding to the assumed failure angles are compared until a
critical angle is found. The critical angle is one that produces a maximum
driving force for the driving wedge and a minimum resisting force for the
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Figure 32. Flowchart of the sliding analysis
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resisting wedge. These angles can be different from each other and usu-
ally are. The earth pressure forces generated depend upon the assumed FS.

Miscellaneous

Listed below are some miscellaneous information concerning the slid-
ing analysis:

a. For a cohesive material, the critical failure angle for the driving side
soil can be made to account for a water-filled crack. There is no
crack formed on the resisting side.

b. 1If the base of the structure is composed of several planes (such as a
base with a key), the plane used for the sliding analysis is the plane
formed by connecting the extreme left and right corners of the
structure by a straight line.

c. If the structure has a base that is a single plane, the values of ¢
and c for the foundation of the soil-structure interface are used in
the sliding analysis. If the base of the structure is composed of
several planes, the ¢ and ¢ of the soil-soil interface is used in the

sliding analysis.

d. The sliding analysis takes into account the percent of base in
compression calculated from the overturning analysis. The percent
of base in compression affects the normal force developed on the
structural wedge. Seepage pressures are also adjusted as previously
discussed under the overturning analysis for the percent of base in
compression. The only difference is that the seepage pressures are
applied to the sliding plane of the structure.
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7 Input Guide

Source of Input

Input can be supplied from a prepared data file or from the user’s termi-
nal during execution. The entry of data from the terminal is through the
use of interactive screen menus.

Data Format

All input data supplied from a data file are read in free-field format. In
addition:

a. Data items in a data file must be separated by at least one blank
space. Commas are not allowed as delimiters.

b. Integer numbers must be in nondecimal form.
c. Real numbers may be in decimal form, nondecimal form, or E format.

d. A data line may be up to 80 characters long.

Input Sections

Input to the program is divided into required and optional data sec-
tions. The various sections of data are:

a. Required data. Structural geometry, driving side soil geometry,
resisting side soil geometry, properties of the soil, water
description, and stability criteria.

b. Optional data. Heading information, project data information, unit
weight of the structure, vertical surcharge information, horizontal
surcharge information, and analysis options.
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Sign Convention

The program uses a right-hand coordinate system. Positive angles are
taken counter-clockwise from the horizontal and negative angles are taken
clockwise from the horizontal. The dimensions and batters entered by the
user describing the structure and soil geometry are converted by the pro-
gram into x,y coordinates. The sign conventions and units for the various
dimensions, properties, loads, and moments are shown in Table 1.

Table 1
Units and Sign Conventions
Item Units ‘Sign Convention
Horizontal and vertical dimensions ft Always positive
Batters in.:1 ft Vertical : Horizontal
Unit weights kef Positive or negative
Cohesion ksf Always positive
Angle of internal friction deg Always positive
Wall friction deg Always positive
Failure angles deg CW (-), CCW (+) from horizontal
Vertical loads k/At Positive; down
Horizontal loads kips Positive; right
Input water pressures ksf Positive; up
Moments ft-kips CW (+), CCW (-)
Units

All data must be entered in the following units:

a. Length, inches or feet, as directed.
b. Force, kips.

c. Angles, degrees.

All output is given in these same units. Refer to Table 1 for the units asso-
ciated with the various items of input.
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Input Description

The following is an explanation of the command words, variables, re-
quirements, and restrictions for data input. The format given is for input
using a data file. If the user is entering data from the terminal, the follow-
ing format is not needed, since the user will use interactive data input
screens. The variables, requirements, and restrictions described are the
same if a data file is used or data are entered from the terminal.

Input Syntax

The following syntax should be used when entering data from a data
file:

a. Single quotes, ‘ °, indicate the enclosed information should be typed
as shown. All alpha information can be abbreviated to four characters.
BOLD characters denote the short form of a command word.

b. Brackets, [ ], denote optional information.
c. Asterisks, *, delineate major command sections.

d. All data items must be separated by one or more blank spaces. Do
not separate data with commas or any other characters.

e. If any major command word has more than one data line required, the
additional lines should immediately follow the major command line.

J. If a subcommand line requires more than one line to enter all the data,
a “+’ sign should be entered at the end of a the line and the remaining
data entered on the following line.

Required Data Description

The following sections of data are required data and must be entered.
The structural geometry section must be entered before any other geome-
try (soil or water). The remaining sections of data can be entered in any
order.
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Structural geometry

Command lines (4 to 5 lines)

“* STRUCTURE’ [NSCRN=1]

‘STEM’ ELTS HTS TTS TBS [TBSR]
‘HEEL’ THEEL [BTRH]

‘TOE’ TTOE TWIDTH [BTRT]

or

or

‘BASE’ BWIDTH

[‘KEY’ HK TK [BTRK]]

‘* STRUCTURE’ [NSCRN=2]

‘STEM’ ELTS TTS TBS [TBSR]
‘HEEL’ THEEL STHEEL

‘TOE’ ELBT TTOE STTOE TWIDTH
‘BASE’ BWIDTH [BTRB]

[‘’KEY’ HK TK [BTRK]]

Description (refer to Figures 4 and 5)

Coer

‘STRUCTURE’

NSCRN
‘STEM’
ELTS
HTS
TTS
TBS
TBSR

‘HEEL’
. THEEL
"~ BTRH

“TOE’

TTOE

TWIDTH

BTRT
‘BASFE’

BWIDTH
‘KEY’

HK

TK
BTRK

3

‘STRUCTURE’

NSCRN
‘STEM’
ELTS

= symbol to denote command section

= keyword for major command section

= 1 for structural data screen number 1

= keyword for stem data

= elevation of top of stem (ft)

= height of stem (ft)

= thickness of top of stem (ft)

= thickness at bottom of stem (ft)

= distance of batter at base of stem on the
resisting side (ft)

= keyword for heel data

= depth of heel (ft)

= distance of batter at end of heel (ft)

= keyword for toe data

= depth of toe (ft)

= width of toe (ft)

= distance of batter at end of toe (ft)

= keyword for base data

= width of base of wall (ft)

= keyword for key data

= depth of key on inside face (resisting
side) of key (ft)

= width of bottom of key (ft)

= distance of batter at bottom of key (ft)

= symbol to denote command section
= keyword for major command section
= 2 for sructural data screen number 2
= keyword for stem data

= elevation of top of stem (ft)
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TTS = thickness of top of stem (ft)

TBS = thickness at bottom of stem (ft)
TBSR = distance of batter at base of stem on
the resisting side (ft)
‘HEEL’ = keyword for heel data
THEEL = depth of heel (ft)
STHEEL = thickness of heel at stem (ft)
‘TOE’ = keyword for toe data
ELBT = elevation of bottom of toe (ft)
TTOE = depth of toe (ft)
STTOE = thickness of toe at stem (ft)
TWIDTH = width of toe (ft)
‘BASE’ = keyword for base data
BWIDTH = width of base of wall (ft)
BTRB = batter of bottom of base (in:1 ft)
‘KEY’ = keyword for key data
HK = depth of key on inside face (resisting
side) of key (ft)
TK = width of bottom of key (ft)
BTRK = distance of batter at bottom of key (ft)

Data restrictions
All dimensions must be positive.
Elevations can be positive or negative.
Valid structural configurations are shown in Figure 26.

Valid base types which are accommodated by the program are
shown in Figure 27.

Driving side soil data

Command line (1 line)

“* DRIVING’ ELSTDS BTRDRV(1) [DSTDRV(1)
BTRDRV(2) DSTDRV(2) BTRDRV(3)]

Description (refer to Figure 6)

ok = symbol to denote command section
‘DRIVING’ = keyword for major command section
ELSTDR = elevation of soil at structure (ft)

BTRDRV(1) = soil batter at structure (in:1 ft)
DSTDRV(1) = distance covered by BTRDRV(1) (ft)

BTRDRV(2) = soil batter adjacent to BTRDRV(1) (in:1 ft)

DSTDRV(2) = distance covered by BTRDRV(2) (ft)

BTRDRV(3) = soil batter adjacent to BTRDRV(2) (in:1 ft)

Data restrictions
The distances DSTDRV must be positive.
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The elevation of the soil at the structure must be at or above
the lower left corner of the structure.

The driving side is always the left side of the problem.

Default values

DSTDRV(1) has an initial value of 500 ft. All soil batters have
an initial value of 0.

Comments

The soil data are entered starting with the soil segment at the
structure and progressing to the left as shown in Figure 6.

The soil is extended from the structure an additional 500 ft at
the angle of the last slope entered and then an additional 500 ft

horizontally.

Positive batters slope up; negative batters slope down.

Resisting side soil data

Command line (1 line)
“* RESISTING’ ELSTRS BTRRES

Description (refer to Figure 4)

“* = symbol to denote command section
‘RESISTING’ = keyword for major command section
ELSTRS = elevation of soil at structure (ft)

BTRRES = soil batter at structure (in:1 ft)

Data restrictions

The elevation of the soil at the structure must be at or above
the lower right corner of the structure.

The resisting side is always the right side of the problem.
Default values

The soil batter has a default value of zero.
Comments

The soil data are entered as shown in Figure 6.

The soil is extended from the structure 500 ft at the batter
BTRRES and then an additional 500 ft horizontally.

Positive batters slope up; negative batters slope down.
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Properties of soil, structure, and water

Command line (4 to 6 lines)

‘* PROPERTIES’

‘DRIVING’ PHID CD GAMMD GAMSD DELTAD
‘FOUNDATION’ PHIF CF PHIFS CFS GAMMF GAMSF
‘RESISTING’ PHIR CR GAMMR GAMSR
‘STRUCTURE’ GAMCON]

‘WATER’ GAMWAT]

Description (refer to Figure 7)

R = symbol to denote command section
‘PROPERTIES’ = keyword for major command section
‘DRIVING’ = keyword for driving side soil
PHID - = angle of internal friction (deg)
CD = cohesion (ksf)
GAMMD = moist unit weight of soil (kcf)
. GAMSD = saturated unit weight of soil (kcf)
DELTAD = angle of wall friction (deg)
‘FOUNDATION’ = key word for foundation material
PHIF = angle of base friction for soil-structure
interface (deg)
CF = adhesion value for soil-structure interface
(ksf)
PHIFS = angle of internal friction for soil-soil
interface (deg)
CFS = cohesion value for soil-soil interface (ksf)
‘RESISTING’ = keyword for resisting side soil
PHIR = angle of internal friction (deg)
CR = cohesion (ksf)
GAMMR = moist unit weight of soil (kcf)
GAMSR = saturated unit weight of soil (kcf)

‘STRUCTURE’ = keyword for structure material
GAMCON = unit weight of concrete (kcf)
‘WATER’ = keyword for water
GAMWAT = unit weight of water (kcf)

Data restrictions

The values of the soil, structure, and water properties are
positive.

Default values
The default value for the unit weight of concrete is 0.150 kcf.
The default value for the unit weight of water is 0.0624 kcf.
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Water data

Command line (2 to 5 lines)

‘* WATER’

‘ELEVATION’ WATELD WATELR

[‘LOC’]

[‘PRESSURES’ DW(1) WAPRES(1) ... DW(10)

WAPRES(10)]
[‘GAMMA’ GAMWAT]

Description (refer to Figures 8 and 9)

‘** = symbol to denote command section

‘WATER’ = keyword for major command section
‘ELEVATION’ = keyword for water elevations

WATELD = elevation of water on driving side (ft)

WATELR = elevation of water on resisting side (ft)
‘LOC’ = keyword to select line of creep (default)
‘PRESSURES’ = keyword to enter pressures

DW() = horizontal distance from left end of base

to pressure (ft)
WAPRES(I) = value of water pressure at DW(I) (ksf)
‘GAMMA’ = keyword to set unit weight of water
GAMWAT = unit weight of water (kcf)

Data restrictions
The water elevations can be positive or negative.

The water pressures are assumed to act upwards and should be
entered as positive values. :

The water elevations must be completely above or completely
below the soil surfaces on the driving and resisting sides (i.e.,
the water levels may not intersect a soil layer). Intermediate
water levels are allowed. The water levels must also be above
the base of the structure.

For input pressures, water pressures must be entered for both
corners of the structure and at any breaks in the base of the
structure. Pressures can be equal to zero.

The driving side water elevation must be higher than the resist-
ing side water elevation.

Default values
The default value for the unit weight of water is 0.0624 kcf.

The default method of computing pressures is by the line of
creep.
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Comments

Water elevations are used to compute submerged lengths of the
wedges. Therefore, if input pressures are used, the user should
take care to enter the appropriate water elevations.

Factors of safety definitions

Command line (1 line)
‘* FS’ FSS PCB

Description (refer to Figure 10)

o . = symbol to denote command section
‘FS’ = keyword for major command section
FSS = minimum factor of safety against sliding
PCB = minimum percentage of base in compression
Comment

These minimum factors of safety are used for comparison to de-
termine if the proposed wall is adequate.

End of Data Input

Command line (1 line)

“* END’

Description
o = symbol to denote command section
‘END’ = keyword to signify that all data have

been entered

Optional Data Description

The following sections of data are optional. The order of entry does
not matter.

Header information

Command line (2 to 6 lines)

[‘** HEADER’
‘COMPANY’ CNAME
‘PROJECT’ PNAME
‘LOCATION’ LOCAT
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‘WALL’ WALL
‘INITIALS’ INIT]

Description (refer to Figure 12)

* = symbol to denote command section
‘HEADER’ = keyword for major command section
‘COMPANY’ = keyword for company name
CNAME = company name (60 char. max)
‘PROJECT’ = keyword for project name
PNAME = project name (60 char. max)
‘LOCATION’ = keyword for location
LOCAT = location (60 char. max)
‘WALL’ = keyword for info about wall
WALL = info about wall (60 char. max)
‘INITIALS’ = keyword for designer’s initials
INIT = designer’s initials (3 char. max)
Comment

This information is provided as a header on the output
information.

Title information

Command line (1 to 5 lines)
[“* TITLE TITLE]

Description (refer to Figure 13)

ol = symbol to denote command section
‘TITLE’ = keyword for major command section
TITLE = up to 5 lines of 60 characters
Comment

The title is printed at the top of the output.

Vertical surcharge loads

Command line (2 to 7 lines)

[* ‘VERTICAL SURCHARGES’

‘STRIP’ DISTSL(1) WSTRIP(1) SMAG(1) ... DISTSL(5)
WSTRIP(5) SMAG(S)

‘UNIFORM’ UMAGD]
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Description (refer to Figures 15 and 16)

Bl = symbol to denote command section
‘VERTICAL’ = keyword for major command section
‘STRIP’ = keyword for strip load

DISTSL(I) = distance from left side of structure to

left end of load (ft)
WSTRIP(I) = width of strip load (ft)

SMAG(I) = magnitude of strip load (kips/ft)
‘UNIFORM’ = keyword for uniform load
UMAGD .= magnitude of uniform load (kips/ft)

Data restriction

Surcharges can only be located on the driving side of the wall.

Horizontal surcharge loads

Command line (2 to 11 lines)

[“* HORIZONTAL SURCHARGES’

‘PRESSURE HPRESS(1, 1) HPRESS(1, 2) ... HPRESS(5, 1)
HPRESS(5, 2)

‘LINE’ HLINE(1, 1) HLINE(l, 2) ... HLINE(5, 1) HLINE(S, 2)]

Description (refer to Figures 17 and 18)

ok = symbol to denote command section
‘HORIZONTAL’ = keyword for major command section
‘PRESSURE’ = keyword for pressure load
HPRESS(I, 1) = elevation of pressure applied to structure
(fty
HPRESS(I, 2) = magnitude of pressure (ksf)
‘LINE’ = keyword for line load

HLINE(L, 1) = elevation of line load (ft)
HLINE(I, 2) = magnitude of line load (kips/ft)

Data restrictions

The surcharges are assumed to be applied to the structural
wedge.

Crack options

Command line (2 to 3 lines)

[“** CRACK OPTIONS’

‘CRACK TO BOTTOM OF BASE’
‘COMPUTE CRACK DEPTH’
‘WATER IN CRACK’

‘NO WATER IN CRACKS’]
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Description (refer to Figure 19)

ok = symbol to denote command section

‘CRACK’ = keyword for major command section

‘CRACK’ = keyword to select full crack depth

‘COMPUTE’ = keyword to compute crack depths

‘WATER’ - = keyword to select water filled cracks

‘NO WATER’ = keyword to select no water in cracks
Default

The default is for no crack above the heel and to fill computed
cracks with water.

Wedge options

Command line (2 to 4 lines)

[** WEDGE’
‘ELEVATION’ WEDELD
‘ANGLE’ WEDNO(1) FANG(1) ... WEDNO(3) FANG(3)

‘45+-PHI/2’ *YES / NO’]
Description (refer to Figure 19 and 28)

ol = symbol to denote command section
‘WEDGE’ = keyword for major command section
‘ELEVATION’  =keyword to set wedge elevation

WEDELD = elevation of driving wedge at structure (ft)
‘ANGLE’ = keyword to set failure angles

WEDNO() = wedge number

FANG() = failure angle of wedge (deg)
‘45+-PHI/2’ = keyword to set failure angles base on

equation
YES /NO = Yes to turn option on, no to turn option off

Data restriction

The elevation of the driving wedge at the structure must be at
or above the lower left corner of the structure and below the

ground surface.
The values of the wedge angles may vary from +85 to -85 deg.

The line defined by the rotation of the angle for the structural
wedge must not extend into the interior of the structure.

The input wedge angle must allow the plane formed by the
base of the wedge to intersect the soil layer.

Default values

The elevation of the bottom of the failure wedge on the driving
side starts at the bottom of the heel.
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The default is for the program to automatically calculate the
critical failure angles. The ‘45+-PHI/2’ option is initially set
‘to ‘NO’.

Comment
The wedges are numbered from left to right (refer to Figure 33).
The wedges and failure angles follow this numbering conven-

tion. Also, all output from the program also follows this con-
vention.

Wedge 2 .
) Wedge 3
T 3 . . FANG(3)
FANG(1) .
4 FANG(2)
L |

Figure 33. Numbering of wedges and wedge angles

Strength mobilization factor

Command line (1 line)
[** SMF’ SMF]
Description (refer to Figure 19)

R = symbol to denote command section

‘SMF’ = keyword for major command section
SMF = strength mobilization factor
Default
The default for the SMF = 2/3.
Comment

The SMF entered will be used to compute earth pressures to be
used in the overturning analysis.
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Amount of resisting side earth force

Command line

[** PASSIVE PRESSURE OPTION’
‘OVERTURNING’ ‘AT-REST/ 0%-50%’
‘SLIDING’ ‘NONE/FS’]

Description
* = symbol to denote command section
‘PASSIVE’ = keyword for major command section
‘OVERTURNING'’ = keyword for overturning option
‘AT-REST’ = command for at-rest pressures
‘0%’ - ‘50%’ = selection of percentage of full passive
‘SLIDING’ = keyword for sliding option
‘NONE’ = no resisting forces used
‘FS’ = resisting forces based on FS
Default

At-rest pressures are used in the overturning analysis and re-
sisting forces are based on the FS in the sliding analysis.

The percentages used passive resistance for the overturning op-
tion can only be in multiples of 5 percent.

Earth pressure coefficients

Command line
[“* K’ AK PK]
Description

‘*7 = symbol to denote command section

‘K’ =keyword for major command section

AK =driving side earth pressure coefficient

PK = resisting side earth pressure coefficient
Default

The driving side earth pressure coefficient is computed by the
program based on the critical failure angle corresponding to
the SMF.

The resisting side earth pressure coefficient is calculated using
the Danish Code equation.
" Force options

Command line

[** FORCES CALCULATED’
‘ITERATE FOR % BASE IN OVERTURNING’

60
Chapter 7 Input Guide




‘DONT INTERATE FOR % BASE IN OVERTURNING’

‘FS FORCES FOR THE REQUIRED FS IN SLIDING’
‘CONCENTRATED FORCE FOR EQUILIBRIUM IN SLIDING’
‘NORMAL ITERATION FOR EQUILIBRIUM IN SLIDING’]

Description
o = symbol to denote command section
‘FORCES’ = keyword for major command section
‘ITERATE’ = keyword to select iteration in overturning
analysis
‘DONT” = keyword to prevent iteration in overturning
analysis
‘FS’ = keyword to select calculation of forces
for required FS
‘CONC’ = keyword to select calculation of concen-
trated force required for equilibrium
‘NORMAL’ = keyword to select normal equilibrium
. analysis for sliding
Defaults

The program is initially set for a normal iteration procedure in
the sliding analysis and to iterate in the overturning analysis.
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Appendix A
Example Problems

General

This appendix contains examples taken from EM 1110-2-2502, Retain-
ing and Flood Walls, ETL 1110-2-322, Retaining and Flood Walls, and
Instruction Report ITL-87-5, the CSLIDE user’s manual. In the following
discussions EM will be used to refer to EM 1110-2-2502, ETL will refer
to the ETL 1110-2-322, and CSLIDE user’s manual will refer to Instruc-
tion Report ITL-87-5. Also, when referring to examples, a letter after an
example number refers to the appendix of the corresponding manual. For
example, 3M of the EM refers to Example 3 taken from Appendix M of
EM 1110-2-2502.

The results from the CTWALL program are given and any differences
between the program and manual results are explained.

Appendix A Example Problems

A1l




A2

Example 1

Problem statement

This problem is Example 3M from the EM. The geometry is shown in
Figure Al. Soil properties are as follows:

Ymoist = 0-120 kef
Yeat = 0-125 kef
Ywater = 0-0625 kcf
¢ = 30°
c=0
SMF = 2/3
0q = 21°

1:4 slope

9.000

18.000

10.000

Figure A1. Example problem 1

Discussion of results

For this example, we are concerned only with the overturning results.
The CTWALL solution compares exactly with the EM.
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Echoprint of data
e sk ke de e ok kg ko ok k ok k ko ok Echoprint Of Input Data ek ok koo gk gk ok ok kok ok ok gk ko

Date: 93/10/30 Time: 0.26.39
This is Example 3 from Appendix M of EM 1110-2-2502.
Company name:

U.S Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide for CTWALL - Example 1
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:
Elevation of top of stem (ELTS) = 18.00 ft

Height of stem (HTS) = 16.00 ft
Thickness top of stem (TTS) = 2.00 ft
Thickness bottom of stem (TBES) = 2.00 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 2.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 2.00 ft
width of toe (TWIDTH) = 4.25 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 15.25 ft
Depth of key (HK) = .00 ft

Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) .00 ft
Structure coordinates:

X (ft) y (ft)
.00 .00

.00 2.00
9.00 2.00
9.00 18.00
11.00 18.00
11.00 2.00
15.25 2.00
15.25 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kecf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
30.00 .000 .120 .125 .00 18.00
Driving side soil geometry:
Soil Batter Distance
point (in:1ft) (ft)
1 3.00 500.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Soil x y
point (ft) (fr)
1 -1491.00 143.00
2 -491.00 143.00
3 9.00 18.00

Appendix A Example Problems




A4

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. wunit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) {(in:1ft)
.00 .000 .000 .000 .00 .00
Resisting side soil profile:
Soil X Yy
point (ft) (ft)
1 15.25 .00
2 515.25 .00

Foundation property data:

phi for soil=-structure- interface = 30.00 (degq)
¢ for soil-structure interface = .000 (ksf)
phi for soil-soil interface = 30.00 (deg)
¢ for soil-soil interface = .000 (ksf)
Water data: :

Driving side elevation = 10.00 ft

Resisting side elevation = 10.00 ft

Unit weight of water = .0625 kcf

Seepage pressures computed are hydrostatic.
Minimum required factors of safety:

Sliding F$S = 1.50

Overturning = 100.00% base in compression
Crack options:

o Crack depth is to be calculated

o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Printout of overturning results
IR EEEREE SRS ESE S SRR R = Output Results khkkhkhkhkkhkkkkhohk kokk ok kk ki

Date: 93/10/30 Time: 0.26.39
This is Example 3 from Appendix M of EM 1110-2-2502.
Company name:

U.S Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide for CTWALL ~ Example 1
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

de g gk K ode Kok sk ok ok sk ok sk ko e K ek e gk ok ok ke ok

** Qverturning Results **
khkkhkkdhkhkokk ok ok kok wok kkkk kokodkok ok

Solution converged in 2 iterations.

SMF used to calculate K’'s = .6667

Alpha for the SMF = -44.,3414

Calculated earth pressure coefficients:
Driving side at rest K = .4405
Driving side at rest Kc = .9767
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000
At-rest K’s for resisting side calculated.

Depth of cracking = .00 ft

** Driving side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
10.00 .0000
.00 .6250
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Earth pressures:
Elevation Pressure

(ft) (ksf)
20.25 .0000
10.00 .7280

.00 1.1850

** Resisting side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
10.00 .0000
.00 .6250
.00 .6250

** Uplift pressures **
Water pressures:
x=-coord. Pressure

(ft) (ksf)
.00 . 6250
.50 . 6250
15.25 .6250
** Forces and moments **
Part ] Force (kips) | Mom. Arm | Moment |
|  Vert. | Horiz.| (ft) b (ft=k) |
Structure:
Structure weight........... 9.375 -6.41 -60.08
Structure, driving side:
Moist S01l.ccieennnenesnsnn 9.855 -10.93 -107.76
Saturated soil...iveeesenens 9.000 ~10.75 -96.75
Water above structure...... .000 .00 .00
Water above sOil...ceesnann .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
MOist SOil.iierenvecensannas .000 .00 .00
Saturated soil....ccovevnnn .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... 2.125 -2.13 -4.52
Driving side:
Effective earth loads...... 13.296 7.08 94.08
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loadsS....eeeesenesonn 3.125 3.33 10.42
Resisting side:
Effective earth loads...... .000 .00 .00
Water loadsS....c.cuvciuiennnnn -3.125 3.33 -10.42
Foundation:
Vertical force on base..... ~-20.824 -4.92 102.36
Shear on base......cevuauans -13.296 .00 .00
UpPlift.ueeiineeneeenenannns -9.531 -7.63 72.68
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 20.824 kips
Shear force on base = 13.296 kips
Max. available shear force = 12.023 kips

*** Warning *** The maximum available shear along the
base of the structure has been exceeded!

Base pressure at x= 14.75 ft from toe = .0000 ksf
Base pressure at toe = 2.8241 ksf
Xr (measured from toe) = 4,92 ft

Resultant ratio = .3223

Stem ratio = .2787

Base in compression = 96.70 %

Overturning ratio = 1.58

Volume of concrete = 2.31 cubic yds/ft of wall
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NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.
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Example 2

Problem statement

This problem is Example 4M from the EM. The soil geometry is

shown in the Figure A2. The soil properties are as follows:

Ymoist = 0-120 kef
Ysat = 0-125 kef
Ywater = 0-0625 kef
¢ = 35°
c =0
SMF = 2/3
0q = 25°
V = 6 k/ft

9.000

10.000

18.000

Figure A2. Example problem 2
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Discussion of results

The results from CTWALL differ from the EM because the example
was computed using the ‘lump sum’ or approximate method of figuring
the distribution of the uniform surcharge. CTWALL uses the elastic
method contained in the EM. The equation for a strip surcharge using the
elastic method in the EM is in error. The line shown bisecting the angle
beta does not necessarily bisect the strip load g. Therefore, the corrected
equation (and the one CTWALL uses) for alpha is

Ji(x), B
4

o = tan
2

This example is concerned only with the pressure distribution on the
driving side; therefore, only the overturning results are of interest.

Echoprint of data

LE R R R R RS EEEREESEESE] Echoprint Of Input Data K koK ok k kv vk ok ok ok ok e ok Kk

Date: 93/10/30 Time: 0.27.06
This is Example 4 from Appendix M of EM 1110-2-2502.
Company name:

U.S Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide for CTWALL - Example 2
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation of top of stem (ELTS) = 18.00 ft
Height of stem (HTS) = 16.00 ft
Thickness top of stem (TTS) = 2.00 ft
Thickness bottom of stem (TBS) = 2.00 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 2.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 2.00 ft

Width of toe (TWIDTH) = 4.25 ft

Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 15.25 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (ft)

.00 .00

.00 2.00
8.00 2.00
9.00 18.00
11.00 18.00
11.00 2.00
15.25 2.00
15.25 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.
Structural property data:
Unit weight of concrete = .150 kcf
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Driving side soil property data:

Moist Saturated Elev.
Phi c Unit wt. wunit wt. Delta soil
{(deq) (ksf) (kcf) (kcf) (deg) (ft)
35.00 .000 .120 .125 .00 18.00
Driving side soil geometry:
Soil Batter Distance
point (in:1ft) (ft)
1 3.00 500.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Soil X y
point (ft) (ft)
1 -1491.00 143.00
2 -491.00 143.00
3 9.00 18.00

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. wunit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (fr) (in:1ft)
.00 .000 .000 .000 .00 .00
Resisting side soil profile:
Soil X y
point (ft) (ft)
1 15.25 .00
2 515.25 .00
Foundation property data:
phi for soil-structure interface = 35.00 (deg)
¢ for soil-structure interface = .000 (ksf)
phi for soil=soil interface = 35.00 (deg)
¢ for soil-soil interface = .000 (ksf)
Water data:
Driving side elevation = 16.00 ft
Resisting side elevation = 16.00 ft
Unit weight of water = .0625 kecf

Seepage pressures computed are hydrostatic.
Strip load data:

Dist. to
left end Width Magnitude
(ft) (ft) (k/ft)
15.00 4.00 1.50
Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression

Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = 6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.
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Printout of overturning results

dedk kK Kok kk Kk Rk Kk ek kK ok k ko Output Results hkkdk Rk ko dkk ok ok ok k hkokkhkokok

Date: 93/10/30 Time: 0.27.06

This is Example 4 from Appendix M of EM 1110-2-2502.
Company name:
U.S Army Corps of Engineers - Waterways Experiment Station
Project name:
User’s Guide for CTWALL - Example 2
Project location:
Vicksburg, MS
Wall location:

Computed by: mep

gk ok ok de ok gk Kk Kk K R R Rk ke ke ko ok ok ok ok ok Kk

** Qverturning Results **

Fdkkhkk kT ARk hkkhkkkkkkdkhkkk*

Solution converged in 2 iterations.

SMF used to calculate K’'s = .6667

Alpha for the SMF = =74.5779

Calculated earth pressure coefficients:
Driving side at rest K = .3236
Driving side at rest Kc = .7782
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000
At-rest K's for resisting side calculated.

Depth of cracking = .00 ft

** Driving side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
16.00 .0000
.00 1.0000

Earth pressures:
Elevation Pressure

(ft) (ksf)
20.25 .0000
16.00 L1773

.00 .5469

Surcharge pressures:
Elev. Press.

(ft) (ksf)
20.25 .000
19.85 .248
19.44 .445
19.03 .568
18.63 .625
18.23 .633
17.62 .593
17.01 .527
16.20 .431
15.19 .327
14.18 .247
13.16 .187
12.15 .143
11.14 2111
10.13 .087
9.11 .070
8.10 .056
6.08 .038
4.05 .027
2.03 .019
.00 .014
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** Resisting side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
16.00 .0000
.00 1.0000
.00 1.0000

** Uplift pressures **
Water pressures:

x-coord. Pressure
(ft) {ksf)
.00 1.0000
5.06 1.0000
15,25 1.0000
** Forces and moments **
Part | Force (kips) | Mom. Arm | Moment |
| Vert. ! Horiz.| (ft) | (ft-x) |
Structure:
Structure weight........... 9.375 -6.41 -60.08
Structure, driving side:
Moist SOil..veeeneeannnannan 3.375 «-11.29 -38.10
Saturated soil...ceeevennns 15.750 -10.75 -169.31
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist so0il...ieeceneannn e .000 .00 .00
Saturated soil...veveeesnnn .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil...cieensnn 3.719 -2.13 -7.90
Driving side:
Effective earth loads...... 6.170 7.30 45.02
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... 3.667 15.40 56.48
Water loads...cceeececencaen 8.000 5.33 42,67
Resisting side:
Effective earth loads...... .000 .00 .00
Water loadS...ececnesonocss -8.000 5.33 -42.67
Foundation:
Vertical force on base..... -16.969 -3.40 57.62
Shear on base....ceeenenens -9.837 .00 .00
Uplift..eeeeneeean veseesess =—15.250 ~7.63 116.28
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 16.969 kips
Shear force on base = 9.837 kips
Max. available shear force = 11.882 kips
Base pressure at x= 10.19 ft from toe = .0000 kst
Base pressure at toe = 3.3313 ksf
Xr (measured from toe) = 3.40 ft
Resultant ratio = .2227
Stem ratio = .2787
Base in compression = 66.80 %
Overturning ratio = 1.22
Volume of concrete = 2.31 cubic yds/ft of wall
NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a

bearing capacity analysis using the program CBEAR.

Also, the engineer shall verify that the base pressures

do not result in excessive differential settlement
the wall foundation.
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Example 3

Problem statement

This problem is Example 5M from the EM. The soil geometry for this
problem is shown in Figure A3. The problem has the following soil prop-
erties:

Vojst = 0-120 kef
Y = 0-125 kef
Twater = 0-0625 kef

o =0°
¢ = 0.60 ksf
SMF = 2/3
1:4 slope

18.000

10.000

Figure A3. Example problem 3

Discussion of results

CTWALL agrees with the solution in the EM. Since the earth pressure
distribution on the driving side is of interest, only the overturning results
are presented.
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Echoprint of data

dede de e J ok de Kk ek ke ko ok Kk Kk Echoprint of Input Data de e de de K ko Kk Kk ok ok ok kk KKk

Date: 93/10/30 Time: 0.27.32
This is Example 5 from Appendix M of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 3
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation of top of stem (ELTS) = 18.00 ft
Height of stem (HTS) = 14.00 ft
Thickness top of stem (TTS) = 4.50 ft
Thickness bottom of stem (TBS) = 14.50 ft
Dist. of batter at bot. of stem (TBSR}= 10.00 ft
Depth of heel (THEEL) = 4.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 4,00 ft
Width of toe (TWIDTH) = .00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 14.50 ft
Depth of key (HK) = .00 ft

.00 ft
.00 ft

Width of bottom of key (TK)
Dist. of batter at bot. of key (BTRK)
Structure coordinates:

n

x (ft) y (ft)
.00 .00
.00 18.00
4.50 18.00
14.50 4.00
14.50 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kcf
Driving side soil property data:
- Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
.00 . 600 .120 .125 .00 18.00
Driving side soll geometry:
Soil Batter Distance
point (in:1ft) (ft)
1 3.00 2000.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Soil X y
point (ft) (ft)
1 -3000.00 518.00
2 -2000.00 518.00
3 .00 18.00

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1ft)
.00 .000 .000 .000 .00 .00
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Resisting side soil profile:
Soil X y
point (ft) (ft)

1 14.50 .00

2 514.50 .00
Foundation property data:

phi for soil-structure interface = .00 (deq)

c for soil-structure interface = .600 (ksf)

phi for soil-soil interface = .00 (deq)

c for soil-soil interface = .600 (ksf)
Water data:

Driving side elevation = 10.00 ft

Resisting side elevation = 10.00 ft

Unit weight of water = .0625 kcf

Seepage pressures computed are hydrostatic.
Minimum required factors of safety:

Sliding FS = 1.50

Overturning = 100.00% base in compression
Crack options:

o Crack depth is to be calculated

o Computed cracks *will not* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Printout of overturning results

de vk ok kA vk Kk de Kk ek ok ok ke e kK Kk ok K Output Results e vt e Kk Kk ek de ek Kk ek ok ok

Date: 93/10/30 Time: 0.27.32
This is Example 5 from Appendix M of EM 1110-2-2502.

Company name:
U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:
User’s Guide to CTWALL - Example 3
Project location:
Vicksburg, MS
Wall location:

Computed by: mep

Kk kd kT kkk ok hok Kk kkk ok k kK Kk kokkok

** Overturning Results **
***'k***********‘kt**********

Solution converged in 1 iterations.

SMF used to calculate K’'s = .6667

Alpha for the SMF = -29.0874

Calculated earth pressure coefficients:
Driving side at rest K = 1.0000
Driving side at rest Kc = 2.1375
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000
At-rest K’s for resisting side calculated.

Depth of cracking = 7.85 ft

**x Driving side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
10.00 .0000
.00 .6250
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Earth pressures:
Elevation Pressure

(ft) (ksf)
18.00 .0000
10.15 .0000
10.00 .0335

.00 1.6379

** Resisting side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
10.00 .0000
.00 .6250
.00 .6250

** Uplift pressures **
Water pressures:
x=-coord. Pressure

(ft) (ksf)
.00 . 6250
14.50 .6250
** Forces and moments **
Part | Force (kips) | Mom. Arm | Moment |
| Vert. | Horiz.| (ft) | (ft-k) |
Structure:
Structure weight....... ese 28.650 -8.69 -248.84
Structure, driving side:
Moist SOil.eeiincannennnnnn .000 .00 .00
Saturated soil.......... .. .000 00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 © .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist SOil.iceeencecrennnans .000 .00 .00
Saturated soil.....ovvuennn. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil.......... . .804 -1.43 -1.15
Driving side:
Effective earth loads...... 8.360 3.40 28.44
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loadS.eeeeescencnnans 3.125 3.33 10.42
Resisting side:
Effective earth loads...... .000 .00 .00
Water loadS..cieeeecsaccnnns -3.125 3.33 -10.42
Foundation:
Vertical force on base..... ~20.391 -7.64 155.84
Shear on base...vovevensenn ~8.360 .00 .00
Uplift........ Ceesseeasaaes -9.063 -7.25 65.70
** Statics Check =** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 20.391 kips
Shear force on base = 8.360 kips
Max. available shear force = 8.700 kips
Base pressure at heel = 1.6348 ksf
Base pressure at toe = 1.1778 ksf
Xr (measured from toe) = 7.64 ft
Resultant ratio = .5271
Stem ratio = .0000
Base in compression = 100.00 %
Overturning ratio = 2.49
Volume of concrete = 7.07 cubic yds/ft of wall
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NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of

the wall foundation.
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Example 4

Problem statement

This problem is Example 9M from the EM. The soil geometry for this
problem is shown in Figure A4. The soil properties are shown below:

¥ = 0.120 kef
¢ = 35°
¢ = Oksf
SMF = 2/3
0 = 25°
10.000

24.000

Figure A4. Example problem 4

Discussion of results

Only the overturning results are of interest. CTWALL agrees with the
solution contained in the EM.

Appendix A Example Problems A17




Echoprint of data
gk e vk K vk %k % de ok ok e ok ok ok Echoprint Of Input Data dedek kK ok ko kkokk Kok kk K

Date: 93/10/30 Time: 0.33.45
This is Example 9 from Appendix M of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers -~ Waterways Experiment Station
Project name:

User’s Guide to CTWALL -~ Example 4
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation of top of stem (ELTS) = 24.00 ft
Height of stem (HTS) = 22.00 ft
Thickness top of stem (TTS) = 1.90 ft
Thickness bottom of stem (TBS) = 2.00 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 2.00 ft
Distance of batter for heel (BTRH) = .00 ft

= 2.00 ft

Depth of toe (TTOE)
Width of toe (TWIDTH) = 7.00 ft

Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 19.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) v (ft)
.00 .00

.00 2.00
10.00 2.00
10.10 24.00
12.00 24.00
12.00 2.00
19.00 2.00
19.00 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kcf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
35.00 .000 .120 .120 .00 24.00
Driving side soil geometry:
Soil Batter Distance
point (in:1ft) (ft)
1 .00 20.00
2 4.80 500.00
3 .00 500.00
Driving side soil profile:
Soil X ¥
point (ft) (ft)
1 -1509.90 224.00
2 -509.90 224.00
3 -9.90 24.00
4 10.10 24.00
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Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1ft)
.00 .000 .000 .000 .00 .00
Resisting side soil profile:
Soil * y
point (ft) (ft)
1 19.00 .00
2 519.00 .00
Foundation property data:
phi for soil-structure interface = 35.00 (degq)
¢ for soil-structure interface = .000 (ksf)
phi for soil-soil interface = 35.00 (deg)
c for soil-soil interface = .000 (ksf)
Water data:
Driving side elevation = -10.00 ft
Resisting side elevation = -10.00 ft
Unit weight of water = .0624 kcf

Seepage pressures computed are hydrostatic.
Minimum required factors of safety:

Sliding FS = 1.50

Overturning = 100.00% base in compression
Crack options:

o Crack depth is to be calculated

o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Printout of overturning results
LA AR AR RS RS EEREEERE SRS Output Results %k Jeodk ok Kok ek ok kK dr ok o ok kX Kk

Date: 93/10/30 Time: 0.33.45
This is Example 9 from Appendix M of EM 1110-2-2502.
Company name:
~ U.S. Army Corps of Engineers - Waterways Experiment Station
Project name: L
User’s Guide to CTWALL - Example 4
Project location:
Vicksburg, MS
Wall location:

Computed by: mep

IR E AR SRS ERE SRR RS2 R

**  Qverturning Results **
(A S SRR REE RS ERERS R SRR EEREES NS

Solution converged in 1 iterations.

SMF used to calculate K’'s = .6667

Alpha for the SMF = -44,2890

Calculated earth pressure coefficients:
Driving side at rest K = .3583
Driving side at rest Kc = .6873
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000
At-rest K’s for resisting side calculated.

Depth of cracking = .00 ft
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*» priving side pressures **

Earth pressures:
Elevation Pressure

(ft) (ksf)
24.00 .0000
14.34 .4152

.00 1.4605

** Uplift pressures **
Water pressures:
x-coord. Pressure

(ft) (ksf)
.00 .0000
19.00 .0000
** Forces and moments **
Part ] Force {(kips) | Mom. Arm | Moment |
| Vert. | Horiz.| (ft) | (ft-k) |
Structure:
Structure weilght......cveee 12.135 -8.69 ~105.47

Structure, driving side:

MOisSt SOLil..iesencnanasocnsns 26.532 -13.97 ~370.78
Saturated soil..... cesenenn .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil.........c. .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist SOil..eeenvnncaaoanns .000 .00 .00
Saturated soil.....cceveenann .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 15.457 7.36 113.76
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loadS....ceecevcencen .000 .00 .00
Resisting side:
Effective earth loads...... .000 .00 .00
Water 1loadS..eceeevesceavanse .000 .00 .00
Foundation:
Vertical force on base..... -38.667 ~-9.37 362.49
Shear on base......ccccevne -15.457 .00 .00
UPlift..veeeeenncasaccsnnns .000 .00 .00
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 38.667 kips
Shear force on base = 15.457 kips
Max. available shear force = 27.075 kips
Base pressure at heel = 1.9546 ksf
Base pressure at toe = 2.1156 ksf
Xr (measured from toe) = 9.37 ft
Resultant ratio = .4934

Stem ratio = .3684

Base in compression = 100.00 %

Overturning ratio = 4.19

Volume of concrete = 3.00 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Alsoc, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.
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Example 5

Problem statement

This problem is Example 10M from the EM. The problem geometry is

shown in Figure A5. The soil properties are given below:

= 0.120 kef
¢ = 35°
¢ = Oksf
SMF = 2/3
og = 25°
6.000 _2.000

25.000

Figure A5. Example problem 5

Discussion of results

The EM calculates the horizontal effects of the vertical surcharge by
the elastic method. This is in error as previously discussed in Example 2.
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Echoprint of data

g Yok ok ok dk ok ok ko ok ok ko Echoprint of Input Data % vk g v ko gk Kk ok kR Kk ok K

Date: 93/10/30 Time: 0.28.29
This is Example 10 from Appendix M of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers — Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 5
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation of top of stem (ELTS) = 25.00 ft
Height of stem (HTS) = 19.00 ft
Thickness top of stem (TTS) = 6.00 ft
Thickness bottom of stem (TBS) = 20.00 ft
Dist. of batter at bot. of stem (TBSR)= 14.00 ft
Depth of heel (THEEL) = 6.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 6.00 ft
Width of toe (TWIDTH) = .00 ft
Distance of batter for toe (BTRT) = .00 ft
Wwidth of base (BWIDTH) = 20.00 ft
Depth of key (HK) = .00 ft

.00 ft
.00 ft

Width of bottom of key (TK)
Dist. of batter at bot. of key (BTRK)
Structure coordinates:

x (ft) y (ft)
.00 .00
.00 25.00
6.00 25.00
20.00 6.00
20.00 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kcf
Driving side 'soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deq) (ft)
35.00 .000 .120 .125 .00 25.00
Driving side scil geometry:
Soil Batter Distance
point (in:1£t) (ft)
1 .00 500.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Soil b'q y
point (ft) (ft)
1 -1500.00 25.00
2 .00 25.00

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1ft)
.00 .000 .000 .000 .00 .00
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Resisting side soil profile:

Soil X y
point (ft) (ft)
1 20.00 .00
2 520.00 .00

Foundation property data:

phi for soil=-structure interface = 35.00 (degq)
¢ for soil-structure interface = .000 (ksf)
phi for soil-soil interface = 35.00 (deq)
¢ for soil-soil interface = .000 (ksf)
Water data:

Driving side elevation = -10.00 ft

Resisting side elevation =  -10.00 ft

Unit weight of water = ' .0624 kcf

Seepage pressures computed are hydrostatic.
Strip load data:

Dist. to
left end Width Magnitude
(ft) (ft) (k/£ft)
8.00 6.00 .50
Minimum required factors of safety:
Sliding F§ = 1.50
Overturning = 100.00% base in compression

Crack options:
© Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Printout of overturning results
LA RS SRS R E R E TR S TR R T output Results LA AR RS RS EEERE LSRR

Date: 93/10/30 Time: 0.28.29
This is Example 10 from Appendix M of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 5
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

LA R AR RS REREEER SRR LR R R

** Overturning Results **
Fedk d g kK deod ke vk e ek ek ek ok ke ok ot e ok ok ok

Solution converged in 1 iterations.

SMF used to calculate K’'s = .6667

Alpha for the SMF = =-61.7264

Calculated earth pressure coefficients:
Driving side at rest X = .4009
Driving side at rest Kc = .6417
Resisting side at rest K = .0000

1t

Resisting side at rest Kc .0000
At~rest K’s for resisting side calculated.
Depth of cracking = .00 ft
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** Driving side pressures **

Earth pressures:
Elevation Pressure

(ft) (ksf)
25.00 .0000
.00 1.2028

Surcharge pressures:
Elev. Press.

(ft) (ksf)
25.00 .000
24.50 .113
24.00 .196
23.50 .241
23.00 .256
22.50 .253
21.75 .233
21.00 .205
20.00 .168
18.75 .128
17.50 .098
16.25 .075
15.00 .058
13.75 .045
12.50 .036
11.25 .029
10.00 .023
7.50 .016
5.00 .011
2.50 .008
.00 .006

** Uplift pressures **
Water pressures:

x—-coord. Pressure
(ft) (ksf)
.00 .0000
20.00 .0000
** Forces and moments **
Part Force (kips) | Mom. Arm | Moment |
Vert. } Horiz.| (ft) | (ft-k) |
Structure:
Structure weight.......... 55.050 -11.93 -656.90
Structure, driving side:
Moist soil........ s eses .000 .00 .00
Saturated soil............ .000 .00 .00
Water above structure..... .000 .00 .00
Water above soil.......... .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist sO0il....ciierieenenn .000 .00 .00
Saturated soil.....eceee-s .000 .00 .00
Water above structure..... .000 .00 .00
Water above soil.......... .000 .00 .00
Driving side:
Effective earth loads.... 15.035 8.33 125.30
Shear (due to delta)...... .000 .00 .00
Horiz. surcharge effects... 1.829 19.02 34.78
Water loadsS...ceeeceacecnn .000 .00 .00
Resisting side:
Effective earth loads..... .000 .00 .00
Water loadS...cceeeanceecen .000 .00 .00
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Foundation:

Vertical force on base..... -55.050 -9.03 496.83
Shear On baS€..ceeveevencas ~16.864 .00 .00
UPlifteeeeuesenenonconns ces - .000 .00 .00

** Statics Check ** SUMS = .000 .000 .00

Angle of base = .00 degrees

Normal force on base = 55.050 kips

Shear force on base = 16.864 kips

Max. available shear force = 38.546 kips

Base pressure at heel = 1.9474 ksf

Base pressure at toe = 3.5576 ksf

Xr (measured from toe) = 9.03 ft

Resultant ratio = .4513

Stem ratio = .0000

Base in compression = 100.00 %

Overturning ratio = 4.10

Volume of concrete = 13.59 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.
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Example 6

Problem statement
This problem is Example 1N from the EM. The soil geometry is shown
in Figure A6, and the soil properties are shown below:

Backfill:
Y = 0.120 kcf
¢ = 35°
¢ = 0ksf
Foundation:
v = 0.135 kef
= 40°
¢ = 0ksf
1:3 slope
13.500 - ’__1.500
5.000
\!’—‘
'
Backfill }"
12.000 ) =
k S g
o
SR
o |
g l
nr
| |
!
Foundation

Figure A6. Example problem 6
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Discussion of results

The earth pressures calculated in the EM example do not agree with the
CTWALL output. This is because CTWALL is limited to a single soil
layer in the backfill and cannot account for the foundation layer. Also, a
wall friction angle of 6.33 deg was used to approximate the method of add-
ing a shear force on the structural wedge as described in the EM. These
differences account for the slight differences in the answers.

Echoprint of data

o ek okok ok ok kR ek ok ok ek ek Echoprint of Input Data e o gk de o ok ko gk ok ok kK K Kk %

Date: 93/10/30 Time: 0.28.51
This is Example 1 from Appendix N of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name: ’

User’s Guide to CTWALL - Example 6
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation of top of stem (ELTS) = 25.00 ft
Height of stem (HTS) = 22.00 ft
Thickness top of stem (TTS) = 1.50 ft
Thickness bottom of stem (TBS) = 3.00 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 3.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 3.00 ft
Width of toe (TWIDTH) = 5.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 20.00 ft

Depth of key (HK) = .00 ft

Width of bottom of key (TK) .00 ft

Dist. of batter at bot. of key (BTRK) .00 ft
Structure coordinates:

"

x (ft) y (ft)

.00 .00

.00 3.00
12.00 3.00
13.50 25.00
15.00 25.00
15.00 3.00
20.00 3.00
20.00 .00

NOTE: X=0 is located at the left~hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kcf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deq) (ksf) (kcf) (kcf) (deg) (ft)
35.00 .000 .120 .125 6.33 ° 25.00
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Driving side soil geometry:

Soil Batter Distance
point (in:1£ft) (ft)
1 4.00 500.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Soil X Yy
point (ft) (ft)
1 -1486.50 191.67
2 -486.50 191.67
3 13.50 25.00

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(degq) (ksf) (kcf) (kcf) (ft) (in:1ft)
40.00 .000 .135 .140 3.00 .00
Resisting side soil profile:
Soil X 5%
point (ft) (ft)
1 20.00 3.00
2 520.00 3.00
Foundation property data:
phi for soil-structure interface = 40.00 (deg)
¢ for soil-structure interface = .000 (ksf)
phi for soil-soil interface = 35.00 (deg)
c for soil-soil interface = .000 (ksf)
Water data:
Driving side elevation = -10.00 ft
Resisting side elevation = -10.00 ft
Unit weight of water = .0624 kcf

Seepage pressures computed are hydrostatic.
Minimum required factors of safety:

Sliding FS = 1.50

Overturning = 100.00% base in compression
Crack options:

o Crack depth is to be calculated

o0 Computed cracks *will* be filled with water
Strength mobilization factor = .6667
Resisting side pressures *are not* used in the overturning analysis.
Forces on the resisting side *are not* used in the sliding analysis.
*Do* jterate in overturning analysis.

Printout of overturning results

Kk kkokk Kk ohdk xokdkkkokokdkokkokk Output Results d ok gk ok ok kK kK Kk ok ok ok ok ok ok k kK

Date: 93/10/30 Time: 0.28.51
This is Example 1 from Appendix N of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 6
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

LEA SRS SRR SRR RRREEREEEESS]

** QOverturning Results **

Fodkdkodk ok ok ok k ok k kW RN Rk Kk Kk KKKk kKK

Solution converged in 1 iterationms.
SMF used to calculate K's = .6667
Alpha for the SMF = =44,9242
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Calculated earth pressure coefficients:

Driving side at rest K = .3490

Driving side at rest Kc = .9853

Resisting side at rest K = .0000

Resisting side at rest Kc = .0000

No passive pressures used for resisting side.
Depth of cracking = .00 ft

** Driving side pressures **
Earth pressures:
Elevation Pressure

(ft) (ksf)
29.50 .0000
.00 1.8554

** Uplift pressures *x*
Water pressures:
x-coord. Pressure

(ft) (ksf)
.00 .0000"
20.00 .0000
** Forces and moments **
Part | Force (kips) { Mom. Arm | Moment |
|  Vert. | Horiz.| (ft) I (fe=k) |
Structure:
Structure weight........... 16.425 -8.27 -135.79
Structure, driving side:
Moist soil....... erereseenns 37.305 -13.80 -514.87
Saturated soil.....ccvuue.n .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil...... PN .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist soil..iieieneennnnn.. .000 .00 .00
Saturated soil....cvecuen.. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 27.367 9.83 269.11
Shear (due to delta)....... 3.036 . -20.00 -60.72
Horiz. surcharge effects... .000 .00 .00
Water loads....ivvecennnann .000 .00 .00
Resisting side: .
Effective earth loads...... .000 .00 .00
Water loads..... cesensecans .000 .00 .00
Foundation:
Vertical force on base..... ~56.766 -7.79 442.26
Shear on base......ovvunnn. -27.367 .00 .00
Uplift..... cereeeeans Ceeees .000 .00 .00
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 56.766 kips
Shear force on base = 27.367 kips
Max. available shear force = 47.632 kips
Base pressure at heel = .9573 ksf
Base pressure at toe = 4.7193 ksf
Xr (measured from toe) = 7.79 ft
Resultant ratio = .3895
Stem ratio = .2500
Base in compression = 100.00 %
Overturning ratio = 2.64
Volume of concrete = 4.06 cubic yds/ft of wall
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NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform
bearing capacity analysis using the program CBEAR.

a

Also, the engineer shall verify that the base pressures

do not result in excessive differential settlement of
the wall foundation.
Printout of the sliding resulits
% ok s gk ok e v ok ok g e ok ok o o ok ok o ok ok
** Sliding Results **
IS SR EESS SRS EESSERESS]
Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 .000 .000
2 .000 .000
3 .000 .000
Water pressures on wedges:
Top Bottom
Wedge press. press. x~coord. press.
number {ksf) (ksf) (ft) (ksf)
1 .0000 .0000
2 .0000 .0000
2 20.0000 .0000
3 .0000 .0000
Points of sliding plane:
Point 1 (left), x = .00 ft, y = .00 ft
Point 2 (right), x = 20.00 ft, y = .00 ft
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 -43.286 66.592 85.801 .000 .000
2 .000 20.000 53.730 .000 .000
3 .000 .000 .000 .000 .000
Wedge Net force
number (kips)
1 -28.776
2 28.776
3 .000
SUM = .000
+ +
| Factor of safety = 1.567 |
+ +
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Example 7

Problem statement

This problem is Example 2N from the EM. The structure and soil ge-
ometry is shown in Figure A7, and the soil properties are given below:

Backfill:
Ymoist = 0.120 kef
Ysat = 0.125 kcf
¢ = 35°
¢ = 0ksf
Foundation:
Y = 0.140 kcf
¢ = 40°
¢ = 2.5ksf

1:6 SIR 22.000 8.000
T

22.000

Figure A7. Example problem 7
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Discussion of results

The results from CTWALL differ slightly from the solution in the EM.
The differences are due to a small difference in the critical failure angle of
the driving side. This results in slightly different earth pressure coefficients.

Echoprint of data

dek ok kdkk ko dkkok ok ok hk kk Echoprint of Input Data Je e de % Kk % gk ok K ke ok ok ok

Date: 93/10/30 Time: 0.29.13
This is Example 2 of Appendix N of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 7
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

Structural geometry data:
Elevation of top of stem (ELTS) = 48,00 ft
Height of stem (HTS) 42.00 ft
Thickness top of stem (TTS) 8.00 ft
Thickness bottom of stem (TBS) = 30.00 ft

Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 6.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 6.00 ft
Width of toe (TWIDTH) = .00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 30.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft
Structure coordinates:
x (ft) y (ft)
.00 .00
.00 6.00
22.00 48.00
30.00 48.00
30.00 .00
NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.
Structural property data:
Unit weight of concrete = .150 kcf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deq) (ksf) (kcf) (kcf) (deg) (ft)
35.00 .000 .120 .125 .00 48.00
Driving side soil geometry:
Soil Batter Distance
point (in:1ft) (ft)
1 2.00 500.00
2 .00 .00
3 .00 500.00
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Driving side soil profile:

Soil X y
point (ft) (ft)
1 -1478.00 131.33
2 -478.00 131.33
3 22.00 - 48.00

Resisting side soil property data:
Moist Saturated Elev.
Phi c Unit wt. wunit wt. soil Batter
(deq) (ksf) (kcf) (kcf) (fr) (in:1ft)

.00 .000 .000 .000 6.00 .00
Resisting side soil profile:
Soil X y
point (ft) (ft)

1 30.00 6.00
2 530.00 6.00
Foundation property data:
phi for soil-structure interface 40.00 (deg)
c for soil-structure interface 2.500 (ksf)
phi for soil-soil interface = 40.00 (deg)
c for soil-soil interface = 2.500 (ksf)
Water data:
Driving side elevation = 28.00 ft
Resisting side elevation 16.00 ft
Unit weight of water .0625 kcf
Input water pressures:
Distance Pressure
Point (ft) (ksf)

1

1 .00 1.7500
2 30.00 1.0000
Minimum required factors of safety:
Sliding FS = 1.33
Overturning = 75.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Elevation of bottom of driving wedge specified as = 6.00 ft
Strength mobilization factor = .6667
Resisting side pressures *are not* used in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Printout of overturning results
KAAKk kA XX KX IT AKX AR KKKk **k Output Results Kk kX kxkk ok ki khhkokkkhkkkkk

Date: 93/10/30 Time: 0.29.13
This is Example 2 of Appendix N of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers -~ Waterways Experiment Station
Project name: .

User’s Guide to CTWALL - Example 7
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

ISR E RS SRS LA XSS R

** OQverturning Results **

(2R R R SRS EREERS SRR ERERESEE]

Solution converged in 4 iterations.

SMF used to calculate K’'s = .6667

Alpha for the SMF = -53,0361
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Calculated earth pressure coefficients:

priving side at rest K = .4004

Driving side at rest Kc = .7344

Resisting side at rest K = .0000

Resisting side at rest Kc = .0000

No passive pressures used for resisting side.
Depth of cracking = .00 ft

** Driving side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
28.00 .0000
.00 1.7500

Earth pressures:
Elevation Pressure

(ft) (ksf)
51.67 .0000
28.00 1.3001

6.00 2.1857

** Regsisting side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
16.00 .0000
6.00 .6250
.00 1.0000

** Uplift pressures **
Water pressures:
x=-coord. Pressure

(ft) (ksf)
.00 1.7500
12.39 1.7500
30.00 1.0000
** Forces and moments **
Part | Force (kips) | Mom. Arm | Moment |
| Vert. | Horiz.| (£ft) | (ft-k) |
Structure:
Structure weight......... .. 146.700 -11.38 -1669.20
Structure, driving side:
Moist SOil.veeeecnccnnnnnns 45.069 -21.49 -968.43
Saturated s0ill.....cceensun 15.845 ~-26.16 -414.49
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist SOil..i.ciievenecennnns .000 .00 .00
Saturated soil.....cecunan. .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... 53.728 21.74 1168.26
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loadS..ueeeeannsecans 24.500 9.33 228.67
Resisting side:
Effective earth loads...... .000 .00 .00
Water loads....... ceeeesaee -8.000 5.33 ~-42.67
Foundation:
Vertical force on base..... -161.717 ~-5.87 949.13
Shear Oon bas€...cieeesercnn -70.228 .00 .00
Uplifteesneeoeeneeennsoanse . =45.8897 -16.31 748.74
** Statics Check ** SUMS = .000 .000 .00
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Angle of base

Normal force on base
Shear force on base
Max. available shear
Base pressure at x=
Base pressure at toe
Xr (measured from toe
Resultant ratio

Stem ratio

Base in compression
Overturning ratio
Volume of concrete =

= .00 degrees

= 161.717 kips

= 70.228 kips

force = 179.715 kips

17.61 £t from toe = .0000 ksf
= 18.3695 kst

5.87 ft

.1956

.0000

= 58.69 %

= 1.44

36.22 cubic yds/ft of wall

)

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.

Printout of the sliding results
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** Sliding Results **
kA kI KAk KAk AKT R A Ak dekkkkkhkk

Solution converged. Summation of forces = 0.

Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 .000 .000
2 -3.125 .000
3 .000 4.282
Water pressures on wedges:
Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 .0000 1.3750
2 .0000 1.7500
2 2.3911 1.7500
2 30.0000 1.0000
3 .6250 ° 1.0000
Points of sliding plane:
Point 1 (left), x = .00 ft, y = .00 ft
Point 2 (right), x = 30.00 ft, y = .00 ft
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 -44.724 78.025 153.120 31.263 21.494
2 .000 30.000 207.614 30.000 45.897
3 41.209 9.107 .000 9.107 7.400
Wedge Net force
number (kips)
1 -86.715
2 82.965
3 3.750
SUM = .000
| Factor of safety = 2.251 |
+ +
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Example 8

‘Problem statement

This problem is Example 3N from the EM. The soil geometry is shown
in Figure A8, and the soil properties are:

Yog = 0-120 kef
o =0°
c = 0.9 ksf
20.000
1.500
12.500 | [6.000
|
12.000 N
—2 <
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< [an]
<
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‘ Vi S
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° _A
__0.500
| L 1.500

Figure A8. Example problem 8

Discussion of

results

The EM shows a value of 25.37 kips for the weight of the structural
wedge. CTWALL calculates a value of 24.32 kips for the weight of the
structural wedge. The unit weight of the concrete was assumed to be
0.15 kcf. Using this value of unit weight results in this slight difference.
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This difference also affects thé location of the resultant of the weight of
the structural wedge. The final differences are seen in the location of the
resultant on the base of the structure. The EM reports 7.87 ft and

CTWALL calculates 7.59 ft.

Echoprint of data

%k ok kb kg g g vk o gk ok ok ok kK Echoprint of Input Data ***xkxkkkdkkkhkhdk

Date: 93/10/30 Time: 0.29.34
This is Example 3 of Appendix N of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 8
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation of top of stem (ELTS) = 21.00 ft
Height of stem (HTS) = 15.00 ft
Thickness top of stem (TTS) = 1.50 ft
Thickness bottom of stem {(TBS) = 2.00 £t
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 6.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 1.50 ft
Width of toe (TWIDTH) = 6.00 ft
Distance of batter for toe (BTRT) = .50 ft
Width of base (BWIDTH) = 20.00 ft
Depth of key (HK) = 4.00 ft
Width of bottom of key (TK) = 1.50 ft
Dist. of batter at bot. of key (BTRK) = .50 ft
Structure coordinates:
X (ft) y (ft)
.00 .00
.00 6.00
12.00 6.00
12.50 21.00
14.00 21.00
14.00 €.00
20.00 5.50
20.00 4.00
2.00 4.00
1.50 .00
NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.
Structural property data:
Unit weight of concrete = .150 kcf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. wunit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
28.00 .000 .120 .120 .00 9.00
Driving side soil geometry:
Soil Batter Distance
point (in:1ft) (ft)
1 .00 500.00
2 .00 .00
3 .00 500.00
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Driving side soil profile:

Soil x y
point (ft) (fr)
1 ~1487.90 9.00
2 12.10 9.00

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) {kcf) (kcf) (ft) (in:1ft)
28.00 .000 .120 .120 9.00 .00
Resisting side soil profile:

Soil X 'y
point (ft) (ft)

1 14.00 9.00

2 514.00 9.00

Foundation property data:

phi for soil=-structure interface = 28.00 (deq)
¢ for soil-structure interface = .000 (ksf)
phi for soil=-soil interface = 28.00 (deg)
¢ for soil-soil interface = .000 (ksf)
Water data:

Driving side elevation = 18.00 ft

Resisting side elevation = 9.00 ft

Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.
Minimum required factors of safety:

Sliding FS = 1.50

Overturning = 100.00% base in compression
Crack options:

o Crack *is* down to bottom of heel

o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Echoprint of overturning analysis
kg kg ok ok ok Kok ook Kk Kk ko ke ko ok Output Results FZEEREESREEREER RS S E NN

Date: 93/10/30 Time: 0.29.34
This is Example 3 of Appendix N of EM 1110-2-2502.
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 8
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

AAAKX I A KA TATRKE AR AN KRR K XK F AN

** Overturning Results **
%k ok % ok % ok v ok ok ok sk ok ok dk e ok gk ok R ke ke ok

Solution converged in 1 iterations.

SMF used to calculate K's = . 6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = .5305
Resisting side at rest Kc = .7284
At-rest K’s for resisting side calculated.

Depth of cracking = 9.00 ft

Crack extends to bottom of base of structure.
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** Driving side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
18.00 .0000
.00 1.1250

**x Resisting side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
9.00 .0000
4.00 .4232
4.00 .7688

.00 1.0962

Earth pressures:
Elevation Pressure

(ft). (ksf)
9.00 .0000
4.00 .0938

Balancing earth pressures:
Elevation Pressure

(ft) (ksf)
4.00 1.2756
.00 1.2756

** Uplift pressures **
Water pressures:
x-coord. Pressure

(ft) (ksf)
.00 . 1.1250
1,50 1.0962
2.00 .7688
20.00 .4232
** Forces and moments **
Part | Force (kips) | Mom. Arm | Moment |
| Vert. ! Horiz.| (ft) | (Ft=k) |
Structure:
Structure weight........... 10.763 -9.92 -106.72
Structure, driving side:
MOist SOil..eweoenoesconans .000 .00 .00
Saturated soil............. 4.338 -13.97 -60.62
Water above structure...... .000 .00 .00
Water above soil........... 6.891 ~13.87 -95.61
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist soil..eeiveonen PR .000 .00 .00
Saturated soil...veeeeenene 2.340 -2.92 -6.84
Water above structure...... .000 .00 .00
Water above soil......... .. .000 .00 .00
Driving side:
Effective earth loads...... .000 .00 .00
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loadS.....eeveeeceens 10.125 2.00 20.25
Resisting side:
Effective earth loads...... -.234 1.67 -.39
Balancing earth load....... -5.102 -2.00 10.20
Water loadS....cececeeenns .- -4.788 -1.28 6.13
Foundation;
Vertical force on base..... -11.470 -7.59 87.11
Uplift.ceeereneacnnnnns eee. =12.861 -11.39 146.48
** Statics Check ** SUMS = .000 .000 .00
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11.31 degrees
12.248 kips

Angle of base =
Normal force on base =

Shear force on base = 2.754 kips

Max. available shear force = 8.577 kips
Base pressure at heel = .1597 ksf

Base pressure at toe = .9874 ksf

Xr (measured from toe) = 7.59 ft
Resultant ratio = .3797

Stem ratio = .3000

Base in compression = 100.00 %
Overturning ratio = 1.56

Volume of concrete = 2.66 cubic yds/ft of wall
NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
RAlso, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.

Printout of sliding results
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Sliding Results
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Solution converged. Summation of forces = 0.
Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 .000 .000
2 10.125 6.891
3 .000 .000
Water pressures on wedges:
Top Bottom
Wedge press. press. x—-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 .0000 .0000
2 .0000 1.1250
2 20.0000 .4232
3 .0000 .4232
Points of sliding plane:
Point 1 (left), x = .00 ft, y = .00 ft
Point 2 (right), x = 20.00 ft, y = 4,00 ft
Depth of cracking = 9.00 ft
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 .000 .000 .000 .000 .000
2 11.310 20.396 21.401 20.396 15.789
3 39.424 7.873 1.825 7.873 1.666
Wedge Net force
number (kips)
1 .000
2 -1.713
3 1.714
SUM = .001
| Factor of safety = 2.678 |

" +
+ t
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Example 9

Problem statement

This problem is Example 4N from the EM. The problem geometry is
shown in Figure A9. The soil properties are shown below:

Ysat = 0.120 kcf
o = 0°
¢ = 0.9 ksf
8.500 __1.500
6.000
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) o
o O
© o
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Figure AS. Example problem 9

Discussion of results

There are no differences in the results reported by CTWALL and the
EM.
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Echoprint of data

ITSEXEEE SRR EE RS NS Echoprint Of Input Data 'EERREEER RS R S0 50 8 0

Date: 93/10/30 Time: 0.29.52

This is example 4 of Appendix N of EM 1110-2-2502
Company name:
U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:
User’s Guide to CTWALL - Example 9
Project location:
Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation top of stem (ELTS) = 20.00 ft
Thickness top of stem (TTS) = 1.50 ft
Thickness bottom of stem (TBS) = 2.00 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 1.50 ft
Depth of heel at stem (STHEEL) = 2.00 ft
Elevation of bottom of toe (ELBT) = 4.00 ft
Depth of toe (TTOE) = 1.50 ft
Depth of toe at stem (STTOE) = 3.00 ft
Width of toe (TWIDTH) = 6.00 ft
Width of base (BWIDTH) = 16.00 ft
Batter of base of structure (BTRB) = 3.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 £t

Structure coordinates:

x (ft) y (ft)

.00 .00

.00 1.50
8.00 4.00
8.50 20.00
10.00 20.00
10.00 5.50
16.00 5.50
16.00 4.00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kcf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. wunit wt. Delta soil
(deg) (ks£f) (kef) (kcf) (deg) (ft)
.00 .900 .120 .120 .00 7.00
Driving side soil geometry:
Soil Batter Distance
point (in:1£ft) (ft)
1 .00 500.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Soil X y
point (ft) (ft)
1 -1491.91 7.00
2 8.09 7.00
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Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deq) (ksf) (kcf) (kcf) (ft) (in:1ft)
.00 .900 .120 .120 7.00 .00

Resisting side soil profile:

Soil X y

point (ft) (ft)

1 10.00 7.00

2 510.00 7.00
Foundation property data:

phi for soil-structure interface = .00 (deq)

¢ for soil-structure interface = .900 (ksf)

phi for soil-soil interface = .00 (deq)

c for soil-soil interface = .900 (ksf)
Water data:

Driving side elevation = 17.00 ft

Resisting side elevation = 7.00 ft

Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.
Minimum required factors of safety:

Sliding FS = 1.50

Overturning = 100.00% base in compression
Crack options:

o Crack *is* down to bottom of heel

o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
Resisting side pressures *are not* used in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Printout of overturning results
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Date: 93/10/30 Time: 0.29.52
This is example 4 of Appendix N of EM 1110-2-2502
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 9
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

[ Z2ZEREEEREESS SRR LRSS S RS

** QOverturning Results **
IZEEEEEEEESEEE SRS R R SRS RS

Solution converged in 1 iterations.

SMF used to calculate K's = .6667
Alpha for the SMF = .0000
Calculated earth pressure coefficients:
Driving side at rest K = .0000
Driving side at rest Kc = .0000
Resisting side at rest K = .0000
Resisting side at rest Kc = .0000
No passive pressures used for resisting side.
Depth of cracking = 7.00 ft

Crack extends to bottom of base of structure.
** Driving side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
17.00 .0000 B
.00 1.0625
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** Resisting side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
7.00 .0000
4.00 .2837

.00 1.0625

**x Uplift pressures **
Water pressures:
x-coord. Pressure

(ft) (ksf)
.00 1.0625.
16.00 .2837
** Forces and moments **
Part ] Force (kips) | Mom. Arm | Moment |
| Vert. | Horiz.| (ft) I (ft-k) |
Structure:
Structure weight..... P 8.850 -7.25 -64.15
Structure, driving side:
Moist SOil..i.iuiceeerannnnons .000 .00 .00
Saturated-soil.......cccaun. 4,097 -12.37 -50.69
Water above structure...... .000 .00 .00
Water above soil........... 5.156 -11.87 -61.23
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist sO0il.ceeeecencnncans . .000 .00 .00
Saturated soil....... ceaana 1.080 -3.00 -3.24
Water above structure..... . .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... .000 .00 .00
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loadS....cvevveencennn 9.031 1.67 15.05
Resisting side:
Effective earth loads...... .000 .00 .00
Water loads....... ceeeenenn ~3.118 ~1.82 6.00
Foundation:
Components of normal....... -9.310 -2.328 -5.78 55.49
Components of shear........ .89%6 -3.586 .00 .00
Uplift.. e erencenncennsnns ~10.770 -9.54 102.77
** Statics Check ** SUMS = .000 .000 .00
Angle of base = 14.04 degrees
Normal force on base = 9.597 kips
Shear force on base = 3.696 kips
Max. available shear force = 14.843 kips
Base pressure at heel = .0603 ksf
Base pressure at toe = 1.1034 ksf
Xr (measured from toe) = 5.78 ft
Resultant ratio = .3506
Stem ratio = .3750
Base in compression = 100.00 %
Overturning ratio = 1.45
Volume of concrete = 2.19 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.
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Printout of sliding results
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** Sliding Results **
Yede ek dede ok ok de ok ok ok Ok ke k ek ok ke ke

Solution converged

Summation of forces = 0.

Horizontal Vertical
Wedge Loads Loads
Number (kips) (kips)
1 .000 .000
2 8.031 5.156
3 .000 .000
Water pressures on wedges:
Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 .0000 .0000
2 .0000 1.0625
2 16.0000 .2837
3 ©.0000 .2837
Points of sliding plane:
Point 1 (left), x = .00 ft, y = .00 ft
Point 2 (right), x = 16.00 ft, y = 4.00 ft
Depth of cracking = 7.00 ft

Crack extends to bottom of base of structure.

Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 .000 .000 .000 .000 .000
2 14.036 16.492 14.027 16.492 11.101
3 45.009 4,242 .540 4.242 .602
Wedge Net force
number (kips)
1 .000
2 -1.504
3 1.504
SUM = .000
| Factor of safety = 5.601 |

+ +
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Example 10

Problem statement

This problem is Example 5N from the EM. The soil geometry is shown
in the Figure A10, and the soil properties are shown below:

Ysat = 0.125 kcf
¢ = 20°
¢ = 0.4 ksf
18.000
o 0.500
10.000 {‘*1.500
v |
8
;
) \Vi
© Ra—
o
t

Sheetpiling—\

Figure A10. Example problem 10
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Discussion of results

There are no differences in the results reported by CTWALL and the
EM.

Echoprint of data

% de Kk ok Kk ok ko v g sk e ok ke Echoprint of Input Data %k ok ok ke ke Kk ok ko ok kR ke

Date: 93/10/30 Time: 1.15.00
This is example 5 of Appendix N of EM 1110-2-2502
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 10
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation of top of stem (ELTS) = 18.00 ft
Height of stem (HTS) = 16.00 ft
Thickness top of stem (TTS) = 1.50 ft
Thickness bottom of stem (TBS) = 2.00 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 2.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 2.00 ft
Width of toe (TWIDTH) = 6.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base {(BWIDTH) = 18.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft
Structure coordinates:
x (ft) y (ft)
.00 .00
.00 2.00
10.00 2.00
10.50 ig.00
12.00 18.00
12.00 2.00
18.00 2.00
18.00 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kcf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deq) (ksf) {kcf) (kcf) (deq) (ft)
20.00 .400 .120 .125 .00 6.00
Driving side soil geometry:
Soil Batter Distance
point (in:1ft) (ft)
1 .00 500.00
2 .00 .00
3

.00 500.00
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Driving side soil profile:

Soil b4 y
point (ft) (ft)
1 -1489.88 6.00
2 10.13 6.00

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1ft)
20,00 .400 .120 .125 4.00 .00
Resisting side soil profile:

Soil X y
point (ft) (ft)

1 12.00 4.00

2 512.00 4.00

Foundation property data:
phi for soil-structure interface
¢ for soil=-structure interface .400 (ksf)
phi for soil-soll interface 20.00 (deg)
¢ for soil-soil interface = .400 (ksf)
Water data:
Driving side elevation 18.00 ft
Resisting side elevation 6.00 ft
Unit weight of water = .0625 kecf
Input water pressures:
Distance Pressure

20.00 (deg)

n

Point (ft) (ksf)
1 .00 1.1250
2 .75 1.1250
3 .76 .8210
4 18.00 .5160

Minimum required factors of safety:
Sliding FS = 1.33
Overturning = 75.00% base in compression

Crack options:
o Crack *is* down to bottom of heel
0 Computed cracks *will* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do not* iterate in overturning analysis.

Printout of overturning results
Frode % ook o v ok ok ok o o ok ok ke ek ok ok ok Rk output Results Kok kR R K K K ke Fok ko ok Xk

Date: 93/10/30 Time: 1.15.00
This is example 5 of Appendix N of EM 1110-2-2502
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 10
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

%% ok K vk kK vk gk ok ok ok e ok sk ok Kk gk %k kR ke ok

** QOverturning Results **

KA AAAKKK AR KR KK kT Kk hdok ok ok ko k

Solution converged in 0 iterations.

SMF used to calculate K’'s = .6667

Alpha for the SMF = .0000
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Calculated earth pressure coefficients:

Driving side at rest K = .0000

Driving side at rest Kc = .0000

Resisting side at rest K = . 6580

Resisting side at rest Kc = .8112

At-rest K’s for resisting side calculated.
Depth of cracking = 6.00 ft

Crack extends to bottom of base of structure.
** Driving side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
18.00 .0000
.00 1.1250

** Resisting side pressures **
Water pressures:
Elevation Pressure

(fr) (ksf)
6.00 .0000
4.00 .1250

.00 .5160

Earth pressures:
Elevation Pressure

(ft) (ksf)
4.00 .0000
.00 .0748

** Uplift pressures **
Water pressures:
x-coord. Pressure

(ft) (ksf)
.00 1.1250
.75 1.1250
.76 .8210

18.00 .5160

** Forces and moments **

Part | Force (kips) | Mom., Arm | Moment |
| Vert. | Horiz.| (ft) | (ft-k) |

Structure: ‘

Structure weight........... 9.600 -8.07 -77.50
Structure, driving side:

MOist SOLll.eenincncnsnonnan .000 .00 .00

Saturated soil.......ci.vuen 5.031 -12.97 ~65.25

Water above structure...... .000 .00 .00

Water above soil....... ceen 7.734 ~12.84 -99,33

External vertical loads.... .000 .00 .00

Ext. horz. pressure loads.. .000 .00 .00

Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:

Moist SOil.veeenenencnnns .. .000 .00 .00

Saturated soil...c..veeunnn 1.500 -3.00 -4.50

Water above structure...... .000 .00 .00

Water above soil......... .. .750 -3.00 -2.25
Driving side:

Effective earth loads...... .000 .00 .00

Shear (due to delta)....... .000 .00 .00

Horiz., surcharge effects... .000 .00 .00

Water loadsS..ceceececnennas 10.125 6.00 60.75
Resisting side:

Effective earth loads...... -.150 1.33 -.20

Water 1loadS..esuseececaancas ~1.407 1.87 ~2.63
Foundation:

Vertical force on base..... =-12.237 -5.64 68.97

Shear on base.....veeevenee ~-8.568 .00 .00

Uplift..cieeeenencnnnn wees. =12.378 -9.85 121.94
** Statics Check ** SUMS = .000 .000 .00
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Angle of base = .00 degrees

Normal force on base = 12.237 kips

Shear force on base = B8.568 kips

Max. available shear force = 11.217 kips

Base pressure at x= 16.91 ft from toe = .0000 ksf
Base pressure at toe = 1.4475 kst
Xr (measured from toe) = 5.64 ft

Resultant ratio = .3131

Stem ratio = .3333

Base in compression = 93.93 %

Overturning ratio = 1.38

Volume of concrete = 2.37 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.

Printout of sliding results

I EEEEEESEE R RS SRS RS R LR S]
** Sliding Results **
Tk kddkdkhkok ok sk kokokwk ok Kk ok ok

Solution converged. Summation of forces = 0.
Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
1 .000 .000
2 10.000 8.484
3 .000 .611
Water pressures on wedges:
Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 .0000 .0000
2 .0000 1.1250
2 .7500 1.1250
2 .7600 .8210
2 18.0000 .5160
3 .1250 .5160
Points of sliding plane:
Point 1 (left), x = .00 ft, y = .00 ft
Point 2 (right), x = 12.00 ft, y = .00 ft
Depth of cracking = 6.00 ft

Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift

Wedge angle length of wedge length force
number (deq) (ft) (kips) (ft) (kips)
1 .000 .000 .000 .000 .000
2 .000 18.000 16.131 18.000 12.378
3 39.317 6.313 1.221 6.313 2.023
Wedge Net force
number (kips)
1 .000
2 -3.777
3 3.777
SUM = .000
| Factor of safety = 1.803 |

+ +
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Example 11

Problem statement

This problem is Example 7N from the EM. The soil and structure
geometry is shown in Figure A11. The soil properties are shown below:

Ysat = 0.125 kef
¢ = 0°
¢ = 0.9 ksf
22.000
15.000 _ 1.500
Top of Wave ’j
T p
S.W.L.
@ 4 o
©| ~ o
1 el \VA =
o i o = 2
=) . = 8
0 4 n -
-—; < ‘_: o
L 7 — ﬂ\‘_%_ ‘
< 4 < |

—a]
— -]
— ]

Figure A11. Example problem 11

Discussion of results

The structural wedge weight was assigned a weight and a centroid in
the EM example. To make the CTWALL results compare as close as
possible, the unit weight of the structure was altered to try and match the
weight and centroid value assigned. They could not be made to match
exactly. Also, CTWALL cannot model the bend in the stem of the wall.
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Echoprint of data

e g e ok W g ok ok ok deook ok ke ke Echoprint of Input Data % g %k d ok dr kK kR ok ok ok ok

Date: 93/10/30 Time: 0.30.33
This is example 7 of Appendix N of EM 1110-2-2502
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Statiocn
Project name:

User’s Guide to CTWALL - Example 11
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation of top of stem (ELTS) = 15.50 ft
Height of stem (HTS) = 13.50 ft
Thickness top of stem (TTS) = 1.50 ft
Thickness bottom of stem (TBS) = 2.00 ft
Dist. of batter at bot. of stem (TBSR)= .50 ft
Depth of heel (THEEL) = 1.50 ft
Distance of batter for heel (BTRH) = .50 ft
Depth of toe (TTOE) = 1.50 ft
width of toe (TWIDTH) = 5.00 ft
Distance of batter for toe (BTRT) = .50 ft
Width of base (BWIDTH) = 22.00 ft
Depth of key (HK) = .00 ft
width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft
Structure coordinates:
x (ft) y (ft)
.00 .00
.00 1.50
15.00 2.00
15.00 15.50
16.50 15.50
17.00 2.00
22.00 1.50
22.00 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .190 kcf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deq) (ksf) (kcf) (kcf) (deg) (ft)
.00 .900 .120 .125 .00 7.00
Driving side soil geometry:
Soil Batter Distance
point (in:1£t) (ft)
1 .00 500.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Soil X y
point (ft) (ft)
1 -1485.00 7.00
2 15.00 7.00

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (fr) (in:1ft)
.00 .900 .120 .125 7.00 .00
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Resisting side soil profile:
Soil X y
point (ft) (ft)

1 16.81 7.00
2 516.81 7.00

Foundation property data:

phi for soil-structure interface = .00 (deqg)

¢ for soil-structure interface = .900 (ksf)

phi for soil-soil interface = .00 (deg)

¢ for soil-soil interface = .900 (ksf)
Water data:

Driving side elevation = 10.70 ft

Resisting side elevation = 7.00 ft

Unit weight of water = .0640 kcf

Seepage pressures computed by Line of Creep method.
Horizontal line load data:

Elevation Force

(ft) (kips)
10.70 5.18
6.08 2.17
Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression

Crack options:
© Crack *is* down to bottom of heel
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Printout of overturning results

KR KX KRRk kk Nk kkkkkxk*kk Qutput RESULLS A X dk ks &k kkdok ko kkdsk ko

Date: 93/10/30 Time: 0.30.33
This is example 7 of Appendix N of EM 1110-2-2502
Company hame:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 11
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

IEEES RS R SS RS LR R R ERES

*% Overturning Results **
AkkkhhkhFhhkkkhkk ok *k kX Axkkkkx

Solution converged in 5 iterations.

SMF used to calculate K's = .6667

Alpha for the SMF = .0000

Calculated earth pressure coefficients:
Driving side at rest K = . 0000
Driving side at rest Kc = .0000
Resisting side at rest K = 1.0000
Resisting side at rest K¢ = 1.0000
At-rest K’s for resisting side calculated.

Depth of cracking = 7.00 ft

Crack extends to bottom of base of structure.
** Driving side pressures **
Water pressures:
Elevation Pressure
(ft) (ksf)
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10.70 .0000
.00 .6848
** Resisting side pressures **
Water pressures:
Elevation Pressure

(ft) (ksf)
7.00 .0000
.00 .5052

Earth pressures:
Elevation Pressure

(ft) (ksf)
7.00 .0000
.00 .3698

** Uplift pressures **
Water pressures:

x=coord. Pressure
(ft) (ksf)
.00 .6848
6.41 .6848
22.00 .5052
** Forces and moments **
Part | Force (kips) | Mom. Arm | Moment |
| Vert. | Horiz.| (ft) | (ft=k) |
Structure:
Structure weight..... ceeaes 11.899 -8.99 -106.92
Structure, driving side:
Moist s0il..ceeeveaneeennns .000 .00 .00
Saturated s0il....ccoevenns 9.844 -14.62 ~143.91
Water above structure...... .000 .00 .00
Water above soil........... 3.552 ~14.50 -51.50
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... 7.344 9,34 68.56
Structure, resisting side:
MOiSt SOil.uecvvenoavsosnns .000 .00 .00
Saturated soll.....cocvucee- 3.338 -2.51 -8.37
Water above structure...... .000 .00 .00
Water above soil........... .000 .00 .00
Driving side:
Effective earth loads...... .000 .00 .00
Shear (due to delta)....... .000 .00 .00
Horiz. surcharge effects... .000 .00 .00
Water loadsS...ceecescscncns 3.664 3.57 13.07
Resisting side:
Effective earth loads...... -1.294 2.33 ~-3.02
Water 1oadS.ceeceeescssnonn -1.768 2.33 -4.13
Foundation:
Vertical force on base..... -14.,968 -5.20 77.77
Shear On basS€..cevvscveroen -7.945 .00 .00
UPlifteeeeeaeacoanoreasasns -13.666 -11.59 158.45
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 14.968 kips
Shear force on base = 7.945 kips
Max. available shear force = 14.028 kips
Base pressure at x= 15.59 ft from toe = .0000 ksf
Base pressure at toe = 1.9206 ksf
Xr (measured from toe) = 5.20 ft
Resultant ratio = .2362
Stem ratio = .2273
Base in compression = 70.85 %
Overturning ratio = 1.32
Volume of concrete = 2.32 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
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allowable foundation bearing pressure, or, perform a

bearing capacity analysis using the program CBEAR.

Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of

the wall foundation.

Printout of sliding results

hkkkdhhkhkddkkhddxhhhkhhkk

** S1iding Results **

KR e Kk deode Kk ok gk dr ok ek R gk e ok ok o kK

Solution converged. Summation of forces = 0.
Horizontal Vertical

Wedge Loads Loads
Number {(kips) (kips)
1 .000 .000
2 11.008 3.552
3 .000 .000
Water pressures on wedges:
Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) (fr) (ksf)
1 .0000 .0000
2 .0000 .6848
2 6.4126 .6848
2 22,0000 .5052
3 .0000 .5052
Points of sliding plane:
Point 1 (left), x = .00 ft, y = .00 ft
Point 2 (right), x = 22.00 ft, y = .00 ft
Depth of cracking = 7.00 ft
Crack extends to bottom of base of structure.
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 .000 .000 .000 .C00 .000
2 .000 22.000 25.082 22.000 13.666
3 45.036 9.893 3.059 9.893 2.499
Wedge Net force
number (kips)
1 .000
2 -6.822
3 6.822
SUM = .000
t +
| Factor of safety = 3.351 |
+ +
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Example 12

Problem statement

This problem is Example 1 from Enclosure 4 of the ETL. The soil and
structure geometry are shown in Figure A12. The soil properties are
shown below:

= 0.120 kcf
¢ = 30°
¢ = Oksf
SMF = 2/3
6 = 10.5°
1:4 Slopk 8.000
\r——
b
o
e}
s S
=
R . ]

Figure A12. Example problem 12

Discussion of results

The ETL and CTWALL results compare exactly. Only the overturning
results are of interest for this problem.
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Echoprint of data
IR RS SRR ERSEERSERSES] Echoprint Of Input Data Feode Kk Kk ook gk Kk koo kR ok ko ok

Date: 93/10/30 Time: 0.30.56
This is example 1, enclosure 4 of ETL 1110-2-322
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 12
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:
Elevation of top of stem (ELTS) = 18.00 ft

Height of stem (HTS) = 16.00 ft
Thickness top of stem (TTS) = 2.00 ft
Thickness bottom of stem (TBS) = 2.00 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 2.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 2.00 ft
Width of toe (TWIDTH) = 6.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 16.00 ft
Depth of key (HK) = .00 ft

Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) .00 ft
Structure coordinates:

x (ft) y (ft)

.00 .00

.00 2.00
8.00 2.00
8.00 18.00
10.00 18.00
10.00 2.00
16.00 2.00
16.00 -00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kecf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. wunit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
30.00 .000 .120 .120 10.50 18.00
Driving side soil geometry:
Soil Batter Distance
point (in:1ft) (ft)
1 3.00 500.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Soil X y
point (ft) (ft)
1 ~1492.00 143.00
2 -492.00 143.00
3 8.00 18.00
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Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1£ft)
30.00 .000 .120 .120 2.00 .00
Resisting side soil profile:
Soil X y
point (ft) (fr)
1 16.00 2.00
2 516.00 2.00

Foundation property data:

phi for soil-structure ‘interface = 30.00 (deq)
¢ for soil-structure interface = .000 (ksf)
phi for soil-soil interface = 30.00 (degq)
¢ for soil-soil interface = .000 (ksf)
Water data:

Driving side elevation = -10.00 ft

Resisting side elevation = -10.00 ft

Unit weight of water = .0624 kcf

Seepage pressures computed are hydrostatic.
Minimum required factors of safety:

Sliding FS = 1.50

Overturning = 100.00% base in compression
Crack options:

o Crack depth is to be calculated

o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* jterate in overturning analysis.

Printout of overturning results
K %ok Tk kA ke ok e o ok ok o g ke ke ko ok ok Output Results IR R R RS SEEEE SRS RERESS]

Date: 93/10/30 Time: 0.30.5¢€
This is example 1, enclosure 4 of ETL 1110-2-322
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 12
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

KHAKKKA AR KA KK KK Kk ek ok ok dokk ok X

** Qverturning Results **
Jede d Kk ok vk dedr ko de ok ko ok Rk ok ko ko Rk R

Solution converged in 1 iterations.

SMF used to calculate K’'s = .6667

Alpha for the SMF = -42.1816

Calculated earth pressure coefficients:
Driving side at rest K = .3980
Driving side at rest Kc = .9601
Resisting side at rest K = .5000
Resisting side at rest Kc = L7071
At-rest K’s for resisting side calculated.

Depth of cracking = .00 ft

** Driving side pressures **
Earth pressures:
Elevation Pressure

(ft) (ksf)
20.00 .0000
.00 1.3191
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** Resisting side pressures **
Earth pressures:
Elevation Pressure

(ft) (ksf)
2.00 .0000
.00 .1200

*x Uplift pressures **
Water pressures:
x=-coord. Pressure

(ft) (ksf)
.00 .0000
16.00 .0000
** Forces and moments **
Part | Force (kips) | Mom. Arm | Moment |
| Vert. | Horiz.| (ft) | (ft=k) |
Structure:
Structure weight........... 9.600 - =7.50 -72.00
Structure, driving side:
Moist soil........ PP, .o 16.320 -12.08 -197.12
Saturated SOil....ceereenas .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil.......... . .000 .00 .00
External vertical loads.... .000 .00 .00
Ext. horz. pressure loads.. .000 .00 .00
Ext. horz. line loads...... .000 .00 .00
Structure, resisting side:
Moist SOil.iceceecenenn ceeen .000 .00 .00
Saturated soil.......... .o .000 .00 .00
Water above structure...... .000 .00 .00
Water above soil.....coennn .000 .00 .00
Driving side:
Effective earth loads...... 13.191 6.67 87.94
Shear (due to delta)....... 2.445 -16.00 -39.12
Horiz. surcharge effects... .000 .00 .00
Water loadS.c.vececsnnconne .000 .00 .00
Resisting side:
Effective earth loads...... -.120 .67 -.08
Water 1loadS..evevesann ceeee .000 .00 .00
Foundation:
Vertical force on base..... -28.365 =7.77 220.38
Shear on base.....eeeevennn -13.071 .00 .00
Uplift.ieeeseeenceonnannnne .000 .00 .00
** Statics Check ** SUMS = .000 .000 .00
Angle of base = .00 degrees
Normal force on base = 28.365 kips
Shear force on base = 13.071 kips
Max. available shear force = 16.376 kips
Base pressure at heel = 1.6195 ksf
Base pressure at toe = 1.9261 ksf
Xr (measured from toe) = 7.77 ft
Resultant ratio = .4856
Stem ratio = .3750
Base in compression = 100.00 %
Overturning ratio = 3.51

Volume of concrete = 2.37 cubic yds/ft of wall
NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.

Appendix A Example Problems

A59




A60

Example 13

Problem statement

This problem is example 2 from enclosure 4 of the ETL. The soil and
structure geometry is shown in Figure A13. The soil properties are given

below:

Backfill:
Ymoist = 0.120 kcf
Ysat = 0.125 kcf
¢ = 35°
¢ = 0ksf
SMF = 2/3
6 = 12.5°
Foundation:
o = 35°
¢ = Oksf
20.000 22.000

38.000

16.000

24,000

30.000

Rock Foundation

Figure A13. Example problem 13
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Discussion of results

The results from CTWALL compare exactly with the results from the
ETL. Only the overturning results are of interest for this problem.

Echoprint of data

K v e de g ok o g kW ok v ok ok ke ok ke K Echoprint of Input Data (SRR S E RS RS EREERE X
Date: 93/10/30 Time: 0.31.19
This is example 2, enclosure 4 from ETL 1110-2-322
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 13
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

Structural geometry data:
Elevation of top of stem (ELTS) 30.00 ft .
Height of stem (HTS) 24.00 ft
Thickness top of stem (TTS) = 4.00 ft

Thickness bottom of stem (TBS) = 22.00 ft
Dist. of batter at bot. of stem (TBSR)= 18.00 ft
Depth of heel (THEEL) = 6.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 6.00 ft
Width of toe (TWIDTH) = .00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 22.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) .00 ft
Structure coordinates:
x (ft) y (ft)

.00 .00

.00 30.00

4.00 30.00

22.00 6.00

22.00 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kecf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) {ksf) (kcf) (kcf) (deg) (ft)
35.00 .000 .120 .125 12.50 30.00
Driving side soil geometry:
Soil Batter Distance
point (in:1£ft) (ft)
1 4.80 20.00
2 .00 500.00
3 .00 500.00
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Driving side soil profile:

Soil X y

point (ft) (ft)
1 -1520.00 38.00
2 -20.00 38.00
3 .00 30.00

Resisting side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1ft)

35.00 .000 .120 .125 6.00 .00
Resisting side soil profile:
Soil X y
point (ft) (ft)

1 22.00 6.00
2 522.00 6.00
Foundation property data:
phi for soil-structure interface
¢ for soil-structure interface
phi for soil-soil interface
¢ for soil-soil interface
Water data:
Driving side elevation
Resisting side elevation
Unit weight of water
Input water pressures:
Distance Pressure
Point (ft) (ksf)

45.00 (deg)
.000 (ksf)
45.00 (deq)
.000 (ksf)

]

16.00 ft
6.00 ft
.0625 kcf

]

1 .00 1.0000
2 22.00 .3750
Minimum required factors of safety:
Sliding FS = 1.50
Overturning = 100.00% base in compression
Crack options:
o Crack depth is to be calculated
o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Printout of the overturning results
ok dk d g ok v vk % o bk v ok ok Yok gk ok ok output Results IR R RS XSRS S EREEE 2SS

Date: 93/10/30 Time: 0.31.19
This is example 2, enclosure 4 from ETL 1110-2-322
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 13
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

AR R EREEESEEREEER SRR SRS REET

** Overturning Results **
IR R SRR R AR SRS RS ERERESE SR

Solution converged in 1 iterations.

SMF used to calculate K’s = .6667

Alpha for the SMF = -49,2964

Calculated earth pressure coefficients:
Driving side at rest K = .3527
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Driving side at rest Kc .9087
Resisting side at rest K .4264
Resisting side at rest Kc = . 6530
At-rest K's for resisting side calculated.

Depth of cracking = .00 ft

** Driving side pressures **

Water pressures:
Elevation Pressure

(ft) (ksf)

]

.0000
1.0000

16.00
.00
Earth pressures:
Elevation Pressure
(ft) (ksf)

.0000
.9033

30.00

16.00
14.75 .9648
.00 1.3639%

** Resisting side pressures **

Water pressures:
Elevation Pressure
(ft) (ksf)

.0000
.3750

6.00
.00
Earth pressures:
Elevation Pressure
(ft) (ksf)

6.00 .0000
.00 .1236
** Uplift pressures **
Water pressures:
x-coord. Pressure
(ft) (ksf)

.00 1.0000
22.00 .3750
** Forces and moments **

Part I Force
| Vert. |

(kips)

Horiz.|

Mom. Arm
(ft)

| Moment |
I (ft=k) |

Structure:
Structure weight......
Structure, driving side:
Moist soil
Saturated soil.
Water above structure......
Water above soil.....cvenns
External vertical loads....
Ext. horz. pressure loads..
Ext. horz. line loads......
Structure, resisting side:
Moist sOil..sseeusn
Saturated soil
Water above structure......
Water above soil....uceuue.
Driving side:
Effective earth loads
Shear (due to delta)
Horiz. surcharge effects...
Water loads...
Resisting side:
Effective earth loads......
Water loads

..... 66.600
.000
.000
.000
.000
.000

.000
.000
.000
.000

5.468
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.000
.000

24.665

.000
8.000

-.371

-1.125"

~13.43

.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00

10.87
=22.00
.00
5.33

-894.60

.00
.00
.00
.00
.00

.00

.00
.00
.00
.00

268.05
=120.30
.00
42.67

-.74
-2.25
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Foundation:
515.59

Vertical force on base..... ~56.943 -9.05
Shear on base...... hesasens -31.169 .00 .00
UPlift.eceeeeaceaaaracecanns ~15.125 ~12.67 191.58
** Statics Check ** SUMS = .000 . 000 .00
Angle of base = .00 degrees
Normal force on base = 56.943 kips
Shear force on base = 31.169 kips
Max. available shear force = 56.943 kips
Base pressure at heel = 1.2150 ksf
Base pressure at toe = 3.9617 kst
Xr (measured from toe) = 9.05 ft
Resultant ratio = .4116
Stem ratio = .0000
Base in compression = 100.00 %
Overturning ratio = 2.03
Volume of concrete = 16.44 cubic yds/ft of wall

NOTE: The engineer shall verify that the computed
bearing pressures below the wall do not exceed the
allowable foundation bearing pressure, or, perform a
bearing capacity analysis using the program CBEAR.
Also, the engineer shall verify that the base pressures
do not result in excessive differential settlement of
the wall foundation.
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Example 14

Problem statement

This problem is taken from the CSLIDE user’s manual, Example 1A, in
Appendix A. The soil and structure geometry is shown in Figure Al4.
The soil properties are given below:

Backfill:
Yeat = 0.120 kcf
¢ = 28°
¢ = 0ksf
Foundation:
¢ = 30°
¢ = Oksf
6.000
| 2.000
a
o
[}
<
\VA S =
—_— [}
— Y )
— T
: 3 —
12.000

Figure A14. Example problem 14
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Discussion of resuits

Only the sliding results are of interest, and these results compare

exactly with CSLIDE.

Echoprint of data
Kk Kk k kk kokd ok Kok kA k ok ok ok Echoprint Of Input Data ISR TSRS SRS SRS

Date: 93/10/30 Time: 0.31.55
This is example la of Appendix A of the CSLIDE user’s guide
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 14
Project location:

Vicksburg, MS
Wall location:

Computed by: mep
Structural geometry data:

Elevation of top of stem (ELTS) = 14.00 ft
Height of stem (HTS) = 12.00 ft
Thickness top of stem (TTS) = 2.00 ft
Thickness bottom of stem (TBS) = 2.00 ft
Dist. of batter at bot. of stem (TBSR)= .00 ft
Depth of heel (THEEL) = 2.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 2.00 ft
Width of toe (TWIDTH) = 4.00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 12.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft

i

Dist. of batter at bot. of key (BTRK) .00 ft

Structure coordinates:

x (ft) y (ft)

.00 .00

.00 2.00
6.00 2.00
6.00 14.00
8.00 14.00
8.00 2.00
12.00 2.00
12.00 .00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used.

Structural property data:

Unit weight of concrete = .150 kcf
Driving side soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) {(deg) (ft)
28.00 .000 .120 .120 .00 14.00
Driving side soil geometry:
Soil Batter Distance
point (in:1ft) (ft)
1 .00 500.00
2 .00 .00
3 .00 500.00
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Driving side soil profile:

Soil b . y
point (ft) (ft)
1 ~1494.00 14.00
2 6.00 14.00

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. wunit wt. soil Batter
(deg) (ksf) (kcf) (kcf) (ft) (in:1ft)
28.00 .000 .120 .120 4,00 .00
Resisting side soil profile:
Soil X y
point (ft) (ft)
1 8.00 4,00
2 508.00 4.00
Foundation property data:
phi for soil-structure interface = 30.00 (deg)
c for soil-structure interface = .000 (ksf)
phi for soil-soil interface = 30.00 (deg)
¢ for soil-soil interface = .000 (ksf)
Water data:
Driving side elevation = 5.00 ft
Resisting side elevation = 1.50 ft
Unit weight of water = .0624 kcf

Seepage pressures computed by Line of Creep method.
Minimum required factors of safety:

Sliding FS = 1.50

Overturning = 100.00% base in compression
Crack options:

o Crack depth is to be calculated

o Computed cracks *will* be filled with water
Strength mobilization factor = .6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

Printout of the sliding results

AR RS SERSESEESEEREEEXE]
** Sliding Results **

g ode ko odek ok ok ko ok ok ok kK Rk Kk Rk ke ok

Solution converged. Summation of forces = 0.
Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
1 .000 .000
2 .000 .000
3 .000 .000
Water pressures on wedges:
Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 .0000 .2530
2 .0000 .2530
2 12.0000 L1113
3 .0000 .1113
Points of sliding plane:
Point 1 (left), x = .00 ft, y = .00 ft
Point 2 (right), x = 12,00 ft, y = .00 ft
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Depth of cracking =

.00 ft

4 - 4

Failure Total Weight Submerged Uplift

Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)

1 -53.680 17.376 8.645 6.206 .785

2 .000 12.000 16.800 12.000 2.186

3 36.355 6.748 1.304 2.530 .141
Wedge Net force
number (kips)

1 -6.653

2 4.950

3 1.703

SUM = .000

+

Factor of safety = 1.705 |

"

+
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Example 15

Problem statement

This problem is Example 2 from Appendix B of the CSLIDE user’s
manual. The soil and structure geometry are shown in Figure A15. The
soil properties are given below:

Yat = 0-132 kef
¢ = 36°
¢ = Oksf
v
=)
<
<
=)
<+
AV
© - o
3 3
8 A<7 4 < < E
4
4 < 4 4 g
A < . O.
=4 < 4 o
& 4 4 N < ~t
o 4
Q < 4
d<1
60.000

Figure A15. Example problem 15

Discussion of results

Only the sliding results are of interest, and they compare exactly with
the CSLIDE results.
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Echoprint of data

% %k k ok ok kK kR kK ok k k ok ok Echoprint of Input Data Je Kk K Kk Kk Kk ek koK ko ok ok ke k ok

Date: 93/10/30 Time: 0.32.18
This is example 2 of Appendix B of the CSLIDE user’s guide
Company name:

U.S. Army Corps of Engineers - Waterways Experiment Station
Project name:

User’s Guide to CTWALL - Example 15
Project location:

Vicksburg, MS
Wall location:

Computed by: mep

Structural geometry data:
Elevation of top of stem (ELTS) 90.00 ft
Height of stem (HTS) = 40.00 ft

1

Thickness top of stem (TTS) = 20.00 ft
Thickness bottom of stem (TBS) = 60.00 ft
Dist. of batter at bot. of stem (TBSR)= 40.00 ft
Depth of heel (THEEL) = 20.00 ft
Distance of batter for heel (BTRH) = .00 ft
Depth of toe (TTOE) = 10.00 ft
Width of toe (TWIDTH) = .00 ft
Distance of batter for toe (BTRT) = .00 ft
Width of base (BWIDTH) = 60.00 ft
Depth of key (HK) = .00 ft
Width of bottom of key (TK) = .00 ft
Dist. of batter at bot. of key (BTRK) = .00 ft

Structure coordinates:

x (ft) y (ft)
.00 30.00
.00 90.00
20.00 30.00
60.00 50.00
60.00 40.00

NOTE: X=0 is located at the left-hand side
of the structure. The Y values correspond
to the actual elevation used. '
Structural property data:

Unit weight of concrete = .150 kef
Driving side, soil property data:
Moist Saturated Elev.
Phi c Unit wt. unit wt. Delta soil
(deg) (ksf) (kcf) (kcf) (deg) (ft)
36.00 .000 .120 .132 .00 50.00
Driving side soil geometry:
Soil Batter Distance
‘point (in:1ft) (ft)
1 .00 500.00
2 .00 .00
3 .00 500.00
Driving side soil profile:
Soil X y
point (ft) (ft)
1 -1500.00 50.00
2 .00 50.00

Resisting side soil property data:
Moist Saturated Elev.

Phi c Unit wt. unit wt. soil Batter
(deg) (ksf) (kcf) (kef) (ft) (in:1£ft)
36.00 .000 .120 .132 50.00 .00
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Resisting side soil profile:
Soil X y
point (ft) (ft)

1 60.00 50.00
2 560.00 50.00

Foundation property data:

phi for soil-structure interface

¢ for soil-structure interface

phi for soil-soil interface

¢ for soil-soil interface
Water data:

Driving side elevation 80.00 ft

Resisting side elevation 60.00 ft

Unit weight of water = .0625 kcf

Seepage pressures computed by Line of Creep method.
Minimum required factors of safety:

Sliding FS = 1.50

Overturning = 100.00% base in compression
Crack options:

o Crack depth is to be calculated

o Computed cracks *will* be filled with water
Strength mobilization factor = 6667
At-rest pressures on the resisting side *are used*
in the overturning analysis.
Forces on the resisting side *are used* in the sliding analysis.
*Do* iterate in overturning analysis.

24.00 (deg)
.000 (ksf)
36.00 (deg)
.000 (ksf)

non

o

Printout of the sliding results

(RS AR EREERR RS ER RS
** Sliding Results **

Kk Kk k Ak ok Rk kN Nk ok ko k k ok k ok

Solution converged. Summation of forces = 0.
Horizontal Vertical

Wedge Loads Loads
Number (kips) (kips)
1 .000 35.062
2 25.000 3.125
3 .000 6.621
Water pressures on wedges:
Top Bottom
Wedge press. press. x-coord. press.
number (ksf) (ksf) (ft) (ksf)
1 1.8750 2.8498
2 .0000 2.8498
2 60.0000 1.3876
3 .6250 1.3876
Points of sliding plane:
Point 1 (left), x = .00 ft, y = 30.00 ft
Point 2 (right), x = 60.00 ft, y = 40.00 ft
Depth of cracking = .00 ft
Failure Total Weight Submerged Uplift
Wedge angle length of wedge length force
number (deg) (ft) (kips) (ft) (kips)
1 -46.924 27.380 24.684 27.380 64.683
2 9.462 60.828 375.000 60.828 128.875
3 43.350 14.568 6.991 14.568 14.659
Wedge Net force
number (kips)
1 -61,831
2 48.586
3 13.245
SUM = .000
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| Factor of safety = 10.946 |
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Appendix B
Program Customization

Available Options

CTWALL has various options which may be configured to the user’s

needs.

Definition of Options

These items are shown in Figure B1 and are explained below:

a.

Display type. CTWALL automatically sets itself up to run in the
highest resolution that the user’s machine can support. The
graphics modes available are VGA, EGA, and CGA. The user can
use this option to alter which graphics mode CTWALL starts up in.

Color. CTWALL automatically uses color if possible. The user may
set CTWALL for a monochrome display is desired.

Printer type. The user is allowed to configure the graphics output
for a particular printers. A list of printers is presented from which
the user can select. The list is quite extensive, but if a particular
printer is not shown, a printer should be chosen that is similar to
the desired printer. Many printers emulate an epson printer so this
could also be an option if your particular printer is not shown.

Printer connection. This option deals with the method by which
information is sent to the printer. The default is HARDWARE
which is good in most cases and results in the fastest print times.
BIOS may not be good for networked printers and has the next
fastest print time. STREAM is good for networked printers but has
the slowest print time. The user should try HARDWARE first, and
if this does not work, select one of the other methods.

Printer resolution. The selections are low, medium, and high
resolution. The actual resolution is printer dependent. The higher
the resolution, the longer the print time.

B1
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f. Page layout. The user can select a portrait or landscape layout.

g. Default filenames. The user is allowed to select directories where
the data files, output files, and save files are stored. This option
lets the user segment the files based on projects.

h. Default structural screen. The user can select which structural
screen is the default for entering structural geometry. The two
different options are shown in Figures 4 and 5 in Chapter 4 of the
main text of this report. '

CTUALL
CTUALL Setup
Display Setup
Display Type:

Color i Mono

Printer Setup
Printer Type: HP LaserJet Series III
Printer Connection: Harduware
Printer Resolution: Louw

Page Layout ! Landscape
Utilit|| Left Margin : 5

Setup | ——————Default Filename Setup——————
Inform{| Data Filename : C:\CORPS\CTWALL\work\verify\=
i Save Filename : C:N\CORPS\CTUALL\work\ver ify\s
1Quit Output Filename: C:\CORPS\CTUALL\uork\verify\s

Input Screen Setup
Default screen: Option #1

ESC - exit without saving
F18 - save changes
Select your displa type
M " oy ;

Use the Space Bar to toggle the options

Figure B1. Setup screen
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Appendix C
Text Editor

Operation of Text Editor

CTWALL has a built in text editor that can be used to edit small files
of no more than 4,000 characters long. This is sufficient to edit the data
files that CTWALL uses. The commands available in the text editor are

shown in Figure C1.

Steps in File Editing

The process for editing a file is:

a.

Select ‘Edit File’ from the main menu. A file selection box will
appear.

Change to the directory containing your file.
Select the file to be edited.
Edit the file.

Press the ESC key. A confirmation box with the filename will
appear.

Confirm the name that the file is to be saved under and press the
ENTER key.

The file is saved.

Appendix C Text Editor

C1




c2

Title«

3

=R
=P

gy CTWALL |

"C:\CORPS\NCTUALL\work\ver 1fy\XB153D1. DAT

This is Example 3 from Appendix M of EM 1118-2-2582. «
»Header«

The follouing
Fi
ESC
Cursor Keys
Hone
End
PgUp
PgDbn
Ctrl-PgUp
Ctrl-PgDn
BACKSPACE
DEL
Alt-N
Alt-S
Alt-R

Press any key

Help

keys are def ined :

Help.

Exit editor and SAVE file.

Move around in file (up, down, left, right).
Move to beginning of line.

Move to end of line.

Move up one page.

Move doun one page.

Move to top of file.

Move to bottom of file.

Deletes character to left of cursor.

Delete marked arca, else deletes character under cursor.

Mark region by rous.
Search for a string.
Search for a string and replace it.

to continue.

Water

=Jater«

Elevation

.8625«

16.688 16 .88«
Press F1 for Help

Figure C1. Text editor
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Appendix D
Utility Equations

Content of Utility Equations

CTWALL has several utility equations built in to allow the user to per-
form checks of hand calculations and simple parametric studies. The equa-
tions incorporated into this utility function come from EM 1110-2-2502
and ETL 1110-2-322.1 The equations pertain to the calculation of critical
failure angles of wedges, earth pressure coefficients, and earth pressure
forces. Equations for both the driving and resisting wedges are provided.
The main utility equation menu is shown in Figure D1. An example of the
critical failure angle screen for the driving side is shown in Figure D2.

Operation of Utility Equations

The operation of the utility equations is fairly simple. The user can re-
ceive help by pressing <F1>. The equations used are referenced at the top
of each utility screen. The user can use any equation in any order, but
there are some advantages if a top-down order is followed as shown in Fig-
ure D1. When the critical angle is calculated, a length and weight of a
wedge is calculated using the slope of the backfill and height of the wedge
entered. These values are fed to the equation for the earth pressure force,
thereby relieving the user of calculating these values by hand.

1 References are given on page 1 of the main text.
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Critical Dri
PEE Driving
KA driving (Coulomb)
K driving (Pressure coefficient)

¢ Critical Resisting i

PEE Resisting g
KP resisting (Coulomb) i
K resisting (Pressure Coefficient)

Main i
Critical failure angle for driving uedge—'

"

'FizHelp  Fz=Print  Fi-Page Eject  FlB-Recompute

Figure D1. Main utility equation menu

CTUALL
i

it

—————Critical DPriving Side Failure Angle

Equation 4 thru 7 ETL1118-2-322.

Fi=Help F2=Print F3=Page Eject FiB=Recompute

Figure D2. Critical failure angle menu for driving side

D2
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CCHAN-Structural Design of Rectangular Channels According
to Corps of Engineers Criteria for Hydraulic
Structures; Computer Program X0097

The Response-Spectrum Dynamic Analysis of Gravity Dams Using
the Finite Element Method; Phase Il

State of the Art on Expert Systems Applications in Design,
Construction, and Maintenance of Structures

User's Guide: Computer Program for Design and Analysis
of Sheet Pile Walls by Classical Methods (CWALSHT)

Investigation and Design of U-Frame Structures Using
Program CUFRBC
Volume A: Program Criteria and Documentation
Volume B: User's Guide for Basins
Volume C: User's Guide for Channels

User's Guide: Computer Program for Two-Dimensional Analysis
of U-Frame or W-Frame Structures (CWFRAM)

User's Guide: Pile Group—Concrete Pile Analysis Program
(CPGC) Preprocessor to CPGA Program

Application of Finite Element, Grid Generation, and Scientific
Visualization Techniques to 2-D and 3-D Seepage and
Groundwater Modeling

User's Guide: Computer Program for Design and Analysis
of Sheet-Pile Walls by Classical Methods (CWALSHT)
" Including Rowe's Moment Reduction

User's Guide for Concrete Strength Investigation and Design
(CASTR) in Accordance with ACI 318-89

Fiinite Element Modeling of Welded Thick Plates for Bonnevilte
Navigation Lock

Introduction to the Computation of Response Spectrum for
Earthquake Loading

Concept Design Example, Computer Aided Structural
Modeling (CASM)

Report 1: Scheme A

Report2: Scheme B

Report3: Scheme C

User's Guide: Computer-Aided Structural Modeling
(CASM) - Version 3.00

Tutorial Guide: Computer-Aided Structural Modeling
(CASM) - Version 3.00
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Date
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Aug 1989

Sep 1989
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Sep 1990
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Sep 1990
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Apr 1992
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Contract Report ITL-92-1
Technical Report ITL-92-7
Contract Report ITL-92-2

Contract Report ITL-92-3

instruction Report GL-87-1

Technical Report ITL-92-11
Technical Report ITL-92-12

Instruction Report GL-87-1

Technical Report ITL-93-1
Technical Report ITL-93-2

Technical Report ITL-93-3

Instruction Report ITL-93-3
Instruction Report ITL-93-4
Technical Report ITL-94-2

Instruction Report ITL-94-1
Instruction Report ITL-94-2
Technical Report ITL-94-4

Technical Report ITL-94-5

(Continued)
Title

Optimization of Steel Pile Foundations Using Optimality Criteria
Refined Stress Analysis of Melvin Price Locks and Dam

Knowledge-Based Expert System for Selection and Design
of Retaining Structures

Evaluation of Thermal and Incremental Construction Effects
for Monoliths AL-3 and AL-5 of the Melvin Price Locks
and Dam

User's Guide: UTEXASS Slope-Stability Package; Volume 1V,
User's Manual

The Seismic Design of Waterfront Retaining Structures

Computer-Aided, Field-Verified Structural Evaluation
Report 1: Development of Computer Modeling Techniques
for Miter Lock Gates
Report2: Field Test and Analysis Correlation at John Hollis
Bankhead Lock and Dam
Report 3:  Field Test and Analysis Correlation of a Vertically
Framed Miter Gate at Emsworth Lock and Dam

User's Guide: UTEXAS3 Slope-Stability Package; Volume 1l
Example Problems

Theoretical Manual for Analysis of Arch Dams

Steel Structures for Civil Works, General Considerations
for Design and Rehabilitation

Soil-Structure Interaction Study of Red River Lock and Dam
No. 1 Subjected to Sediment Loading

User's Manual—ADAP, Graphics-Based Dam Analysis Program

Load and Resistance Factor Design for Steel Miter Gates

User's Guide for the Incremental Construction, Soil-Structure Interaction

Program SOILSTRUCT with Far-Field Boundary Elements

Tutorial Guide: Computer-Aided Structural Modeling (CASM);
Version 5.00

User's Guide: Computer-Aided Structural Modeling (CASM);
Version 5.00

Dynamics of intake Towers and Other MDOF Structures Under
Earthquake Loads: A Computer-Aided Approach

Procedure for Static Analysis of Gravity Dams Including Foundation
Effects Using the Finite Element Method — Phase 1B
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(Concluded)
Title

Instruction Report ITL-94-5 User's Guide: Computer Program for Winkler Soil-Structure
Interaction Analysis of Sheet-Pile Walls (CWALSSI)

Instruction Report ITL-94-6 User's Guide: Computer Program for Analysis of Beam-Column
Structures with Nonlinear Supports (CBEAMC)

Instruction Report ITL-94-7 User's Guide to CTWALL — A Microcomputer Program for the
Analysis of Retaining and Flood Walls

Date
Nov 1994

Nov 1994

Dec 1894
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